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ABSTRACT 
Vh«^  st\-€y of l?inahyan aeaitnenta i n t h e i n t e r e s t i n g 
axsc j3 •.-eatsxn ^ajastlurn was ;i:a'-^ *- ^I tV -.. ri<'^ « t o r3epi:Tt 
ttm p a t t e r n o£ s e a i n e n t a t i o n , i n t e r p r e t t h e straticx;:.};!::^/ 
eiuc de ix jg i t i ona l emrirouwents , r e c o n a t r a c t t l ie pa laeo« 
c u r r e n t ^KC. detern-lne t h e provanajice« 
o:te apprc3Xsiinate3.y 192 m t h i c k b a s i n a l aeoutsncs i n 
t h e s t u d y a r e a i s d i v i s i b l e Inttc two forwat iona - ^ 
Jodhpur sands tone anc: ,3oahpur Litnt'stone — i n t h e oscenC-
inr. or!3er» OThe sandst^rtQS a r e c h a r a c t e r i s e by c o n g l o -
merfite d t base o v a r l a l n a u c c e a s i v e l y b y f l a t b e d s , 
channe l ana f i n a laminated f a d e s wi th ttm f r e e l e c t 
occurxsnc® of « d i s t i n c t s e t o f pr imary aedimentarjf 
s t r u c t u r e s in each U n i t . The ca rbona te rocks b e i n g 
s i l i c e o u s and c h e r t y resemble c l o s e l y w i th A r a v a l l i 
l imes tone and ccms i s t s u c c e s s i v e l y of a r g i l l a ^ e o o a cxul 
m i c r o c r y s t a l l i n e raudstcme and c r y s t a l l i n e do los tcme. 
Ths sands tones a r e madiuin t o f i n e grained^ roufiu^ecl 
t o sub-rounded having low e l o n g a t i o n « . t io« m o d e r a t e l y 
t o w e l l - s o r t e d , a l n o s t s u p e m a t u r e , o r t h o q u a r t z i t e t:yFe 
c o n s i s t i n g frecjuently of recyc led q u a r t s g r a i n s . Heavy 
Riinerala ccxiaist of ctominant s t ab l e va r i e ty XikB 
touxmaXlnf*, s ircon and zutlXe. The limestones ace c h i e f l y 
mieirit ic and patrrographically cons is t of mic r i to , clayey'' 
rolcrite and laminated mic r i t e c a l c i s i l t i t e microfccics • 
I'he insoluble residue content predorcinate hi tfco 
ajpglllaceous wudstone .'^iC dDlc?ir,ltic llroastone^ 
"hfe. aeclmer.taticBa copntencrid with the infliix o f 
arenaceous sancis in f l u v i a l sa^rironwent under ttio teSItKisicr^ 
of channels on point b a r dejiosits by r i v e r of l o^ s i n a o s i t s ' 
ctif endac* l a t t e r in tlie forr of le«ree dejxjsita inclsa«3inc 
t!2C feciturec ind ica t ing increase in s a l i n i t y , evap^sraticai, 
I n t a n a i t t e n t exposure anCl des i cca t ion , 'j?he subsidenco, 
i;n a s t a b l e slielf* was goi-ag on p a r r i passu with aculniGnta-
t i on and the f l uv i a l deposi t s were replaceo by tlm 'ic£^ 
inflme of carbonate sediments, a he limestones were Cormsc. 
in a slowly t ransgress ing sea luiuer t he I n t e r d e l t a i c 
alioreline environment as sup ra t l da l , lagoon dna high 
t i d a l f l a t depos i t s . 
The arenaceous sadlRients war's t ransported t o t he 
basin of deposit ion by a s ingle larga s t rean system t h a t 
drained more o r l e s s p e r s i s t a n t l y from southeast towards 
northwest d i r e c t i o n . The modest s t r ewis , in a l l 
p robab i l i ty , supplied the sediments from the inferred 
source which consisted o lder g ran i t e s , uiumitanorpho^d 
nietasediicents« lam t o high gr&3ie laetasiozphic jooakSo 
^he roclss of s t o i l a r conpositions are esscposad lacg^iy 
in t!^ form of raised portixjns of m i h l s end riraval2.iG 
outcrc^plng t o t t e soutbseot and east of tJie stody 
a£Bao 
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WSPI!B!0EX3(XIOS 
The ViXnQtXf9»9 
t:t» tbici: pile G£ um»itaiQO£pliDi»90 enoicst aJtustlo 
oeGli^ i^ita o£ Psx}t®s33«oio age* tooim cm '^via^h^on s^tmif* in 
Sr^ics Gtiratlgra^tsy* .^av@ attractetS t to attenticxi o£ mansr 
03olccijt3 fer Gssro tlan a c^ Qtuijcv c ^ >& qaactes or so» 
riQi^ cso^ r* 6ia^ ia@l8siQg Q&if&mG& with tlie> passa^a o£ tixm, 
folicMia© th© putoUcetioi of Coas ofi Stratigraphic OKs^ n-
ciatucs of maia {1971} ^biffh tmc^X^ aiC-f^ra in ^stQll& 
isxm trm immtican atrati^ap^^^ Cod© (1061,}, aevorol wo£^ @s8 
a^v<a tli«» status o£ ® 'ai^^xifxcop* to this sir3t@m* vindl^ s^ an 
jpocks «fid«iiKVour to poztray m psnoifina of varied lithologic 
units confincid nuiiQiy to two aiffezent basins in the C@ntrai 
and ^ttstom zndia« Ther largar of tbs t«iO basiDs occupias 
a widar axaa in ciantrai mf la and liastacn Rajasthan and. 
constitutas tba laaia Vindhyan basic* Tba otbar basin i s 
speaafi ovar a cowpasativaXy snaXlar azaa in %)astaxn Rajastbsni 
ThB Vindhyan rock fomations Qsnaraliy rai^ osa almost in a 
horiaoatal to subhoricontal positioci. This disposition is« 
howavar* distuxbad nasr tba pariphaeal sonas o£ tba basins. 
7h@ g^^imenta cover an azea o£ about I«04#00C sq»kia in a l&rcm 
aiQCuate b e l t in t t ^ C i^ t r a l and Oortlieini 33idiQ ( F i g . l ) , The 
gretatar par t of tfco oeateentory scc^jcaaco root© cj^ mr tb© 
otdict i rxal ly Clcturbcfi end CEJtcsaor^ jKJoeCl AECliaeon QE«2 o lder 
ttirona (nijG&rar ci>c] Ciislioff) rcxl-.o « i t t i Q pK3iK3*inceS uncuE)* 
Qfti© lend bQi:rior» Corro3 h'^ t t s rxc ivom EXK'ntGi;^  c l idn 
caC i t o Gubor£3i£5oto rcc^^o, io boliave<} t o tiave GQparotoO 
diar-lac VinChs'GO t t e so t tho sedioonto of ©oGtossj cmin booio 
fecD on© t o tli3 «G^ eii23rQ)Ci::o t ! ^ tronG-Aras^olli V4ni"liyans« 
2'tiD rc»:ik ScrEcationo in ttao ^3©tQEa bcoin f rc3 t t o i r j ^ o i t i o a in 
^Qlo^iCQl oeo'-cs^o and l i t lx j loc ico i choEactoro ogcGo n»at 
c looe l? with a t loost Q par t at thoaa £c:;fi6 in tbo cain Vin^l^an 
bu^ir.s 'X'to oCQttorcc} outcroi;3 of trcns-Ararcrolii 'vfinChycns reot 
ovor t1io3® Aravai l i an<3 asscxiicteC. rDC.":o with c ©ar::o«3 orcGionr." 
uncc^Corxiiity, liltliouch oercrated tl-©r©frco by Q fiiatonco o£ ©oBte 
160 te Cra-3 tlse li^stemnicot l imi t of t t e sa jor btisin (Fi©« 1) 
naivartrjelesj* tbe io i s £i3jrK 3^t gooS reoacsi t o belt^^ere tha t 
t t e s e s®<3ic»r.'nt3 ara iaut <A westwozx"'- ©sctensic^ erf.' t!y) I'imihyan 
rocks o£ t'ne tuain b a s i n . However, t lB lack of def in i tenesa 
i a duo i>artly t o ttou abaenco o$ a l l tli© iBaw f^oer^  of e n t i r e 
ViiKlhViiQ sequence, jwirtly due t u thlnninr^ out aisa pa r t l y t o 
l a t e r a l changQ. I^r long time i t Ykia b#en mis^^scted •>» and 
tha ovkai-icioQ liaa bacasi© a firm convicticMi •— tliat t i l s 
aequeRce of unfosai l i ierouB ssdimttntH exhibit-3 a i t ^ l f l e a n t 
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ces6tft»imce to at least QCXS© poet of t ^ ecfuali^ barsen 
V4D€liyGQ Gt3<34n^ nto ishich cover t r^a ter isortlon o£ loaior 
basiJD in tho east (DlcsnCord* 1C377| tlackot, lB21f Cl<2Skar, 
iC86i Eia tVvKSte, 1902 J rssroa, 1932; Kiris!:nQB ossd 
«^9C5DiaQth, 19S9i 9cu3COOt 19S9y /tox!fl, lOQH aaO Beueejoo, 
CJioico ocs3 CteaoffoS. Sottinc of 
tl:o ctc^y AEOe 
^i:o to ED XftoQh c^ao io o|>i>liG ,^ ia t to ^©ocosit tcDi:^ # t o 
tho 192 D ttilcli bootocii co^ponco o2 Icto PEoto:rocoic ccP 
that mifioirlJkia ArG?7Q3.i4o end tioloni volccolc coc!io in tlio 
t^ QQtOEEi Eicsjaottoa, 5:to otucly oroa, oittJGta3 io ttrj oortlii-
trostor:::^  r^ r t o£ Cxlia la t t o ctoto oC rLGjcsthau, lo rat tor 
inaccoGslblc, cr i t ical , cnt: otrllsiDC^S^ J^QO co aOditicracl 
QcSvont^ gj: oC conatitutlDt' tha tiagtesn frlngo of t t e kac^ tsn 
Vtoc'.hyuii occurrencDs wlrwjo rresont lleJLt ei-rac^Jitly <24f£®r3 
l i t t l e £jx»t tU-- oricinul deiojitiGKal extiint of thpi eastern 
tSkiUi b a s l o . 
'ihe invesitloatatl area lncli«(3B3 dbout 2«100 sq. km ttiat 
I lea botweson l>:ttitudGs 26*^ 10* &nfi 26P5C» n and lon^ittidea 
73®0C* iiOt.' 73^4S* & (Fig. 2 ) . Apart ttm: iSoGhi^r In the 
wQSten: :^art« o t la r uresas are afmrsely x-^ixslataci* 
i-liyaiwijrai/hlcdlly, tbe ar«a exhibits broadly a gently 
4 
ui^ulatlng topography tiojvinf: a l l ttsa typical characters of 
an €£iiclcnt lcm6 stacfaco. i t i s by onC lar<^, fiorood of two 
siajor oioups of cocKa nat^ly, tVm /ytevallio ciaG t t o VioGhyiims, 
Ktiic!:; di£Cer ia thoir i^^^lo^Sjcol history, ^ho l e t t e r CJPO«ir 
ote:«3 slEcplicity in s t cuc tu^ ond crops out GS ocvercl 
cccttcrod Slct pctctoo ci c«illij:"tcirs' P33^ oStoD totoffsuriKix:; 
by eili2?(rliii3, 'i:t:e og^EcssDrcl ctrecans. 02DQraily hcs^ o very 
contlo o^jrocP gre^lonto, t t o ucwfiulQting <2oi:»Et plelno oro 
broeO caii ©psn» ^toro otrocb narrow? s t r ips of o^x)ai-Kso o£ 
i^our^ jycn 0Qtt2stcaa end liix^otoao ia tlx> Com cS t^ ra l lo l 
ri(2^o t:hich ci7i£ontly ^iriQlo tito ploino ^scm oi laro ia 
ooithDoot to r a l r i csifi AtlnSb ia tlio north cm^ far nortlr«^8t, 
i:iEom:^  CofihpDr tho KQlcsai wDlcaoic roclio £oro tfco bcsoEBnt 
hut olBQrahBSQ t7ithii3 tfiD QttJCy ercQ t in vinClryCiao overlis 
t l ^ iwmtalH. 8lat@3# Erinrtira an£i oosc^iatea grenitos. '.*l^ 
vast eKpans© of the desert aentls, tiiieh sproaf! cjwer more 
then hQi£ of tfe» f?tu<?.v area in tb^ ©oiitliwest, cowor t t e moso 
cc3Cipl«ste aectlcma <an<? ccmceol a gcxsf* deal o£ s©li6 geology. 
mrpsse ixnC jcope of invest igaticai 
' Hi XfiiiChyor. sodlno-nta lit tfm eastern JP J^UI basin tixe 
j^rhai'H the extensiv^sly atuciied ent vmll %iXx&mKStOQ& wMlc 
littZet i s kni»m dbout tlte r«l«te»fl se(3i»wtnt3 ir the S'^ estem 
Kajosthan. Theae oodiiitenta thus ul£«ir ijfvea greater 
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i»ten.r©tat4oLel chollisaQgea bocaus© thay havQ boon d©po3At<=?fi 
in o basia Intercur^teQ by ATvivolil r^snga* *Xho woll estposcid 
VinChi'-n jTOClca esdiiblt Q wifl© ronfja of l i t tslc tyj^s QEKS 
pirlu\->rif aetaisBCtory structures cfsror CBlativoly ohort (Slotonce 
cnil Gub-Guefoca control lo evallcijio Cor o oystonatic 
cccTticKDntoiocical otoGiTo 
ct'^scsa Cor ccaotEiictioa o£ csJoiocical niap ^cs one locb t o 
t i ^ Dilco to oui,)plxr-Jiit t!rj ecrl^ioff r!"aK?i2jc; (lUceo, 1932). 
'^fe) tffcivosrcoo ^3Eo plemaeO to c«&iao ecxsixiy lo Ciold 
d«s:^llEi0 for Q GS^teaGtle cse^Atxjatolooic otuQy wltti tbo 
ccocmeo of so l iab i i i ty £or seQionoi t o looai variotioQQ* 
*::o Qocompllab tho prinairy dbjoctivoo* tbD otuCy woo 
c3aioly f.ccuaaod or t t o uso oC distr lbntion of bed £01x3 Qn(l 
prircry aQ<Sis»?ntary stcuctureo 4ii a v©ctlcca ^xsloclc coltsian 
o£ tl-« study airea. ThD sucmierisatloB of f loit! Cetc 
rec^ffciint: t l ^ ba^ Itjxts^ was ajcteadca In the form of tti^ o^ 
gDnc£ralis£c«^ v stxmti^ raphic colosmst each oce Cor QsaCstaao 
Qx^ Ximofxtcm® foiar^ations. Ttie eoeesusmixmt o£ thickncsa« 
(losKsriFtioQ ol c^rosg litholof^y ant? privury sadltnentery 
structures disscloscia an understan^inc^ o£ t t o cnvirc£3r,ont o£ 
dopoaltiott ol; the studied Viaatiyan attdismiatQ, !;be isaphasis 
was also Qlvon to tlie eloritiolocv ol sediKK^ntery stsuctucos 
which extendcKl the ur^erstending Q£ ais i r ibut ion o£ tTai^ 
yriiour^ atxucturaa ovor incraeaad raxxqes o£ grain siao« 
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f JjgM ccaSK'lltiaia end %'m3 paloeocurreat p a t t e n s , ' i ' toir 
t^iiQCtiemal anC. v e c t o r i a l aapxi t s o t l imla to^ tbo Qie^xmictma 
t o Qscectcin tfxa palo©03lo|«%, sGdimcntory s t r i k e , c^ 5(3iB!oi3t 
Claporoal pa t t e rn Qni2 tlio locetics3 o£ prcKrcaeaco, 
Cto SiolO ct«!3ibs o£ Qcolar cs^, v e c t o r i a l r^^^i^EtiGo Q2 
C2 (sstoatlio of rin^l© co^nrDtry. ^ to o ther €m©-«ffoy 
©iscollcaesao d i r e c t i o n a l CoGttsroo incSis^infj corcent-^rao 
£oS0 pscviCD6 c totGl o£ 38 csisiitfio cnC Clots nolO s*^^*^^ 
a tc5tGi o2 35 c s tou ths . Korcc^cr, tlsD t^ sro-ucsy OiroctiLonal 
fiooturoo icciudisic osFor^^triCGi r lpplo aoi^o» ca r r ca t ColC 
onfl i^ortioo Xiacaticsi ST4el«3ca Q to tc l . cf S12 Gsisaaths. ^I'KJ 
biologifial onolog iiixo Xctjonaspireso cml o leo l ©at otrucsttaro 
fioK!c<n important iDlcrmatioii QS O cpi«?e t o id®nti£y tfeo 
ccoSiticsao for tho OKist©ncQ cf liCo Covcsarabla during 
V*io<3lJF^ ® t i iass io Mhich tbo crgisnisra ausvlvod, 
C."he conpretiensive IJatrociraphic atusSlus of '(TtotShyao 
OQ^iocnta iocluded optici^l i^kmi i£ ica t i (» o£ GRiQerals ent< 
xxschs in thin sectiexn. A t o t a l o£ 200 such vecticxts of 
sendaton^^ wera mafc3« t o «at«i|»Xish t l i e i r eompositioii* tejcturea* 
d i a ^ n e a i a axxd hoovy mineral f rac t ions by point counts , on 
the o t t e r hand, mftttle t ex tu res anu s t ruc tu ros in t t « 
caiJbcKifite rocks nere vrt^m disccixxilble by the exanination of 
XGO tb ln fi^ctiovis along with the idi«ntifiraticm of inaoJUible 
resMues t o aujinalemwnt tfm t h in aect ion petrograxsliy. 
Thfxjuch ver t ica l fmcyimnce, be6 foxEia, prteary aeflis^ntary 
st£uctuir@s# pstro^raphi^ and se^isiQiit disporsol pattema* 
the sti:€4ed sais^atcmea api^earcjd J^eiitlcai with tli© cheiracter** 
itstlc flisvial <a3v4i?onii3cnt to WbicJi t t e Imlk o£ <M>r4o was 
<2oirivc(3 mainly Cron Arowcllis In tho sowtheaot by tl-so 
QtzxicvD cS ic» siaucaits?. Uto bost f i t i;l::2:T7iG2 crxnijilso 
cat GoCiTrritction ctx'olo c£r cx^tosa enfj oaclsnt (^ ctiei:«3C3 
Koco roCorcoC to l l ius tcato ri^ tetorp«©t tb© enviroonDOto 
oS ^opooltion for soa^atosco oC the QtnCy eiscQ* Gtoilorlyt 
cQ«l>aaoto ETocSio o£Loro2 es^co csoator intocprot^tioaGl. 
choiicafpo bcconco o2 t>so&Skts rcacP o2 ds^colc ii^c^ooo co 
QlJaMoy laarino Cepooito. ^bo Ejicsjofocio© io t !^ ottsQic<3 
iic^otcoQ ©sdbibitc^ diverse tGOsturaJl a^ &tm€tni:al 
chaE-octor4ot4c3 %?Mch» apparently ios^DS^ io roopsoso to 
iotertiiflQi, 0tipr«t4jaal cut" le^pon omrirtxinont of <3toi:»slti€iie 
?!ii3 intX)c€!@Xtalc 8lK>!?@Xin® envisTtsameDt of oecliisentatloi:) 
jjES(54cat€K3 a l a t e r trans^reasiv© jttas© over t!iD fluvial 
T}\e sinmi^rieatics) o£ tij^M axx& leS^omtory d©tu WGS 
axxctaplis^ie^ with t } ^ help of figures MS0. plates £or 
^K^lc^jic^l amplication* WmmmT, tlm Gvecall inte^rate^ 
study p£ tUs invest ii^ated rocks was m&dm mainly t o xacconstiruct 
the ^ross strati<;^raphy« ss^itnemtatiisa, ]^aiK>slops> provenance 
ami toctoaic act ivi ty aurinc; the deposition a l Vindhyan 
sedii^mlsj of Hsatsm Rajasthan» 
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ACkno«r3.«!lQ»a»nt 
^ho uut!K>r ac^ 3K»»2<@(3g©o wi%h ^ o p tmnoo o2 fcotltiala 
t l ^ vaawQjblo c^ i^ GKC© tliot to rccoivc^ fi?ois hi© suporvioor* 
Dr# o»n» I s r a i l l , Roac2©F# Dapartsent of G2olot!y* Ali^arh 
noolto CDivorolty, Allcarh. la has been c ccsnctont ocsarco of 
iasrir.:t2ou ^ittxrct: i^ i^cfc this ^^ oiS: uoaM act fecwD CGE2O t o 
^!K5 aothor io clco ctc^^Li; bahoi(?Br; t o Profecsoap 
0.n» Dosol, ri»QO<, Ccpcsrtomt o£ C^oloci', i^ i^CJarb ^\icrite 
UsaivoroAty, DXi^cs^ fior bio E^rccutaS Intcsject in CclCifccat 
of thlci t e ^ « rxs t:;Ds been esacoefiluoas' IJxiO io i:jrc^^4no 
dl pDooi^io fcc i l i t ios , tecIuOiac tl:o uoo o£ ictjocator^ csrH 
8«3toQr Ubroty o2 tfc© i^i:sirtsont« 
^itm ojatlyjs wistes t o ex^xmsQ h i s sincers thanl^s t o 
Pix>£e3sor v.i:* sriviiLstava* Cr« la* ^hsaa^* Rea^«r, ^esars 
noi33cs5 c^honi an^ r . Hama, l«cttn:ers of th© ISSFoctrent* Thaziks 
or© also iiuis t c rr, Raahe^ otg *;t;himj^3, :.-!csearcT; f^chclcir of 
t h i s lJ©|dirtft-K3iiit vim was a coQatsat source of inaplrEtioa, 
{ji alap wistes to thanle h is othor litll-vrishers and 
friends, vi8;«» Fraf«;iS3or l^i.K.E.K. Mridi* Dr. wasiudain. 
Dr. 3aR)iuIlah« Dr. ay&d Ffier Hoh«iRaTiaa &a& hmnarm Hasar All 
KhiB} (snci R.H. Hashmi for encoaraQcii,ax3t* rac t icular mmticst) 
be umi&o ot tbm autVior's frittnd Hx» ^cuahhood Alisn Ras «dio 
typa43 the wanuacriF^. 
Uionhs ore ol.-^ Cue t o noaars Jcilirvi^ ; 'Mn ."^ Jstss", Sdahx*r 
/Ifk/C. .*ntl r:Si>4b A!2f-rju Cor ^jrcicrinn ttrj Cicuroo i*nd 
tG3t but not t;:3 2cG0t, t::D aittr_r ao 4= f^c::C„f, t o ::!:: 
tr:.G ::ojlCtor orpoXocr nor t^^-a: o to cCfor but c l^;^ - t'aJlo 
Ixrisio ^ic»o of vroc:; CXJ O tc:.cn of- c'S"3t4tt:ra to titers. 
Cfeaptor 2 
vtef.lij/Q neuntoic©, G©v©lopG<3 prlnctipolls' in tho Centrai saClan 
hlc!:iiGcSo ols^v north aiCa c* £:ai£>©SQ vcl2oy in tI:D Corn oC 
Q loftP oseuQto bo i t . Ci-fcD OGirlic3t tmc3i?lGf.co oS VteCfcs^ cn 
otrattcffcv^S^ io ecGcedltca t o Oifihoa, ^ . (iC57}, KSSO Sirot 
taapi^ GQ csjS iK2Cocjii0©C t t e i r e?iaoopsoot3 elioffcsctoriot^o* no 
cicooifioa tt^:^ iQto tbxo© •miljgecxipo*, trist.* *'K5?iaoro, Ooyah 
anc3 fitioOaiff" in t t a ascsiKSJag QECOT coriBspsiiClino t o •Oi?|?or» 
Vln£ihs',dno cuC prc^joscC t l ^ tejro 'oib-Epsoxea* Cot *1£A^V^ 
vijaCt^&a®* ^ o t l ^ r ol,assl£lc@tion was pzt forwaxtQ by 
HeO.licott (2>8S9}« viho Glaccmix^C a@c^ emco ol' ol(3er rocko 
Qxsmnfi the .'icai Volley aat! Bbndtelkh«.m(^  area belcw ttw 
»t/lDJ2lTyans'» of Oldham an l^ pro|iO»Qd that th© «'i^ i&>-Kp:»orioo'» 
o£ Oldhme shouM be cosrralati^a with **aeiaris**« r.ellet (1869) 
GStfil>ll8tK!d tha llttKJStrittlc^rapliy o£ sist l lar cocks acc^ind the 
Sim Vulioy* {^irsapur* amS correlated the "si:tf>»Kyetiores*' and 
"SK»aria" with the "lower* VindhyoxiQ following the tentativte 
m^cst t luns put £onrarO by m d l l c o t t (1859). 
Karly gsolc^ical InvsatiQations at tYne tottgixmiag of t h i s 
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century mtx® oloo carriecT^ out t o estf^bliah tVm @tmti<;raphy 
9f t !^ Isao^Q Vin&txjfim occucrosceo ia thu Eajosthan s ta te 
(Xa C:oucbD« 1902; MecoQ* 1922* 1936r Ooalmmt 292?). The 
Qttecpt £G7 iater-segioaal corseiation o£ t!^ ii^iDento in 
traotoim r^Jcsthco QS«3 cdjcceot oeQOB was c£33© by tba cs^ot 
psoliClc t»s::orQ (DlcafcsCe aeT7j Elaci:et, ItBls CMfiam, 
18C€| £^ ^?ouct^, 1962f COU&OOD, 1927; IBroo* 193B)e 
fja&jD (1933) io ciJecrofilte€l with t t o piorseer worl: on c 
lorco pc2rt oC t t o t^ laiSlis'en c»€!te2ato in rentosulGsr SBOia, 
m diviCcfi ttsaoo ecfliiEjntr) io to foor < j^tJirGUCtit£c divteicna 
DCGoly, asmrl, Koiraar, re*ra cc^ Bl^r^tor in t t o oocKjaCiag 
oijCoir oaO Gico silMivl/Cod t t ^ 8(^ei oa€ Katoiir ' 'mrloo" ioto 
**OtQ030** «2n<3 *'a^>-stcgis*'. I-Ss^ovor, Ol<3hcp*o orlciiaQl 
llttaoQtrctitraiJ^io clGosif^at icn prcR^iSes Q volifl just i f ica-
t icu Qftor cQctain nsadificotiono oatl api^ara t o bo ^i/Qaly 
aaoptoC in t i ^ ItiCiau stsati^xaitiy ovug t t e ^QSB» a f te r 
tlxi QiQdXtlsm Qt mm:! sublimit into i t . 
Early {poloi-ical investigationa vmxe limited t o m^cJb-
liatilng t!%) correlatlcs) of thei 5?indhyaia roclse witt: the 
sacjuence of kno»n ages c^ i t t e basis uC t l ^ i r positioa in 
geological ssqusmce* lit t iological characters mid dubious 
bioloCfical analog, ia taly, csviditikble efforts for mora 
intagrat@<2 work regarding the s t r a t i g r a i ^ * structure and 
tectonics ot Vindhyans hixvG alno been tnade a t sone of the 
universiti t is and Maticsnal Xnatitutes (Kriahnaoi and ^nwinath^ 
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1959; DanorJeo« 1904f Bhattocharjoo e t al»» 1964i Tiwari* 
l9GBt Ulacat 1969/ Pt&soa, 107S, i©76i Donorjoo ona Glnha, 
1976| riatliur* 1976i &aithQn!^ :iar (mC aaacana* i976i 
Raychssudliwry ontj Datto, 1976* oorfeoff, 1976). 
f a l i o t (1869) s^ao cnscnc} t i n fiirot tit© iDtorprotctS ths 
dopooittaaal csyiriocrraat: CEKQ i:?QlQtaDCP®C^ G::i22' o- ^ ^ VtoCl^-an 
oediiKsito, £ollc3^a3 lo tor by Vro^i±aarg (1900}» mO^n (1933) 
oaQ OQjtoi (10 41)* r^aaorer, daeiag t t o loot fivo iCocctSoo o^ 
CO cTJich ottadioo lias^ IJOCU Q Gs2>Joct oat tor oS ostaaoiiro 
CoologicQl iatoroot 4n tho isolates^ craQ iccQlieafi Cotj^clr^a 
lOSDff i^i»Q0thl, 1961, 1964* DQCOSQlllch, 19G1, 1962by nisso* 
1961t /^tooa, lD6Sr nloEo cssifl iH^i^tM, 19<^Q, 1962by Dcssoirjoo, 
QsaQ s^igj2i'to«i 1963* Danorjeo, 1964? JoCar e t Q 1 „ 1966* 
BhottQCfeary®, 1969af t:l&sa, 1969* Dl:a©Swaj, 1970* />S:litcr« 
1973* i;altoa, 1973* Raoerjoo ancl slogh, 1976* <2!x>3h e t o l , , 
1976* (^ingh, 1976* A^^aetM ©t al<.* 1977* Etoror cmO flncb, 
197e). UljejM atxxtiMa Indlr;* t ^ . t^ut tlW! csiset of S^nTifes'SD 
seaisnontation was llmlteta t o QeaJPa^ oEO imriao tmC fltsvic-
(Seltalc types* 
so ace tha doubtful £oaail iraoiaina that hs9& bean xQpo£t6<S 
f3PC%4z tij%2 t o tirtia lEffom aomo l(x:alitie& o£ ViotShyan occurrences. 
cexiaoiguimtly such (M>ious biological analog 1@^  to in l e r 
highly vari£ill>JUe anc coatcwiSlctoirv <3t9(3 Cor Vindhyan rocks* 
ranolnc from tippor Procanbrian to la to Paloosolc (Boan, 1956* 
WlnJ 
lOOGj r iora# 1969). C^o ^e tc r . - i i iu t^a c l ago c£ Vint-l^/wn 
rocninf l u i , : Cvi-Ctlcol cnt» VviiKf: t o Ga:".o cnfccnt t t ^ ^ by 
tisjcbtltil CooaSl fine's (Garl-.ai? e t o l . , I9G€? t;4ncc£'sfcy 
r c s i ^ tsotuoon 2.#<ieo tnmV* t o DOC n»v. Cor t t e \7icjSI-;srcD ESCIZSO 
CC3 Xtoit' oC fcto VSnfil^cco Crcri c t Ic-cist 1,200 ^•V' f^ ^ 
roc3^Aj? 2,4C0 n«y# t o rGStia:,a OSO c y ^ o r ovca Xctor. 
Ojoclo^ cttontioni trco tivc:i r<1c:o t o <:!cal3t£ti3. bteiof^cc^. 
<Ci:Xcvered t;!-i^;ij fcsiil'^ fi«fXlc4rnt.*y ir:t\tcate t i r ; i:^,rlz-Ci ti 
ul.ic*. the >/i:rf^v/.-:r.s s-'K -^slt) be r^S.OTViiC t o {V.i&io., l94Qt 
•IVikAo^ ttt a l . , 1953; .'atnl rut "rlvouto^o* 1QS4? l:at^u^o 
I'j.iS, iy65<i, 15'65bf f^ o^ ft 19S6r Tatl-air e t a l , . 19SE. 19G2? 
riijrv- mt. Awaathl* 1962«, 1^ 62bf ::aitl.y, i96r'. 2.976; 
Walt l ia , 1969? h^aiTJiMi, 1975, l^overtHjl^i^a, t ' la dubiuia 
fc-u^ila 4nt'ir-atc tK<.- f-u-'.^ Jybltt e^tisttincfj oi l i l o dur ioc 
Vln».:iTyan tira©s. 
14 
Stratigrapblc ncesenclature and 
cl@33 if ice t ixm 
23 tbs r-GSt optoicDs dAffejpea c@ ixsgcxf.s the euitcjbllity 
o£ tho Qctezro cf occcriclottirB for VJjndhytmg. C?ho terr>3 
UQcsd lij EolctJlon to t:liDC«stEQt4gro^b|jC cicaas!K:latt3ire 4o t t e 
clicr^zc c£: snal blcloci^*-^ fs^olc^-, t^rro act call/ iaaSec^cte 
l3ut tiloo lieibJlo t o crsat© conCu3ioa» nsny prorGJxnat tcicn 
tiocTo boon t2oe<3 o£bitrasril.y ^ cloaalCylng tliac^ sa<21ct:ato 
PolIcs^lDo tfej EOi?iocs3 ecl:sr:o to tix) preooQt «>ci:, t t o 
c t e a ^ s in ctasenclattiro hcw> Isocai nsaif io^ CD^ S incorooratoQ 
©C2«0£^ li59' t o tYxi Qo^ oS OtffQtigraphic ncxtenciotuirQ oS SSiflio 
(1971.)• i^t© ti^i^Sf-steatigraphic t©ma SUio ^oysteta**, 
^nQrl^ e** csi,( "Ctcf:©" to9o bcisn eliirlnatci:^ to th© etoacnco of 
rea^ definit ive fosailo oncl icelatively ioouCficlent g&o^ 
chronologic r«i(Sii3B»trio deta csf. new l i thc - s t r a t i ^ ra rh ic 
jc^bk toixas ".'Saip©rB»owp*» "C^roup", •Foomaticai'*, •rea?b®B», 
@tc. (Article 1C.06« Coae tor inc^ia) Irdrve bocffi introducad. 
roHowin^' tile sistplost and stost rocant fo^-mally occej^ec) 
OtsQiei far India, a modification 1» desiral^lo in ttm cla«i9i» 
fication pro]t«»a«^ toy l^vm C1932) tor tha Vindliyan «oc5<3 
t o tTm %«Qst ol ii^raetralli range« 'X!ba code for 3Dadia lias 
£am»ir8d thg status of Vii^hyans as a "supergroup** (Article 
IS 
1C»C5, Code €or ImilB), 2f t^e cod© for India lo followod, 
til© aaiuIatGRco Gn(3 cai£>{:m<;to ctxilvs o£ tho otu«Sy orea could 
bo ECfurtlod Gs 4od@i anient Eapfffibio vatitm^ Each liaa hccn 
€BQii;;nate& 'Corxsation* olnco they asro recocnlEO^ by Internal 
fexot^noity (Artlclo 7,0C, Co(S0 £or IftCiQ), Ct^ Qoo two 
ty^cscsai'^ ro Ccrcct icns col lect iircisf fosrs ths ^odt^^i: Ccowp 
(/Wtlc2o iO.OO, Ctt2o £or ZnCioJo CIX) CeBpl^ cztscnct^ed 
(mC G3aoc4c3tod goocrcphicol nmoB cscsocatiDeo E©£eff t o can 
OQOIQZ Goc»24i3ctioD Qucb GO JsxSl^sar osnCstcaio oni3 ^t^hpur 
l4E3otoao 1263^  &0 €GS hc3?o Qot boon flsoj^pcsQ Srca fcTiicJi 
(P©Xo0ical litoratiaro (ArticSjD 13.00# Cc^ to fcr 2sSI^) csf GIB 
oioo boiag retotosS ija tto pces^Qt icvootifjation (^dbln 1 ) . 
Str) di^ieion o£ vtedhycD rc^Iis into tw3 Gsbltrary •'lljc^es* 
CS3.C ^^r-Q^ pacta ha© been ^©aCoicd, as t t ece torr^ Co Ejot 
flJaC piaco 111 t t e fcierarcliy oC- Conr.l ilthostraticJ^aF^-4c 
uni ts (ATtlclo 6.CQ* C^e Cor HQC^IQ). 
Taiblo 1 s l*opose«5 Fonnaa Class if icat 1cm of Vli^liyans 
CSOai' FOKXBStlOCI thjcknesa fan) 
Hecent MlvzvlaBi 
- Uticon£ozKlty •> 
^_^v,^,„ Jodhpar Llawstone jj« , 
uoan5*ir jodhpur sandstone ^f^ * 
Halanl ftfayolltes 
Jalora, Erlnpura «nd aasoclatod Qxanltas 
Aravalll aiatos 
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corcelaticQ 
^^ro ^aneiraliy t>QQC«3 cm t\x> colotiv© poslt ica, litlxjlccy 
c:^ ?, t^. ClQ^ro^sticvtato O4EO of I7todhyca3 rocSio to tls© ^3st 
oS tjr^walll ixsj^o r£Qo C!x) GC3yo::t&3s cS t t s Sost coatugy 
uitl> t l » pasQO^D of t teo , tls3 ogtelcn 23ec^ii; smcSivMstl onC 
t t o torn VJialhycn uao pro^ c^cwQ by oony plcsaeer Korkoro for 
aeC8i La Tcfucho, a902i I-Br«J, 1922, 1932, 1036). r-S2C"^ ot 
(2.C01} coriraiGtc^ tho goetom vissdhyon e&QSszaatQ w4th t fe 
KotosE oonCstoEio oU tfco laate VAodliyeo bcssla. ODwcwsir, tbio 
corcolation ^co crlticiejed by Ui foacS^ (1902) K^IMD coQBiCQseC. 
tlicst a c©n:;idi2rab2o t teo ©iopocd bofor© tho plocM OCCUEIUIQ* 
tioEj o£ ocjot's psosMffid:>ly of Uii^xar VJtoT^ hyan aga, tip>a t t o 
Eolcai trolcanics. totor, mron (1932) io t!ba l i^h t of 
t a louc!^«o analoisy acwsoc'' tlwifc t t e sands foelonc-aS to two 
f^ji^orate independent baalnsr unC bear a close seseibldnce 
&ltl^ tlioae of Upier Bhander sandstcnie. Foreover* BacScot'o 
(1861) correlation proved tQconsist-csnt bacaettso asn&aton& 
In w a t e m Kajasthiui i s iiar«diately succeeded by chrarty 
lifneMrt.G»«. m the Riain basin ISmmi^tmisi never succeeds 
the Kaiimir a^adstone. 
Latoly, thH r«dium«tric a^e &etmxminsitixm has mstozed 
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ttio youn^or QC© for CoQh^s Croup, ^k^hs psesent auttor* in 
tho li^tit of iKxSosB s«ck;-dating syotem* agrooo i!?ltb tbo 
vJLcs?3 ©xprassesS by !^ Toucl® (19C2) cn<3 fSarcai <19S2) that 
t!ho Jcdhpor sanCstesio i s i(featicQl « i th t t o Opi;©r BtiooClor 
Gi3::£:3tcaio of tlx) Eain booin, 
ttio ^ootom psriptory of t t o raoin booin, ^ ts ccgicaQl, 
otiTQtics'aphic corrolQtioa i s basoa on tlto (SotoileO taapiJincj 
in aajcotl^son Gtcto by £3DSca (1922, 1932, 1936)« CoilfjoP 
(1927) CSM2 /fehtQi: (1973). 'Sl'X} £ollofe.'ing eeoc&i|?tio3 by t t o 
pciGScat Guthor solatco "ft© tho occuirreneo oS tha ti^3 aforooai!?. 
l i t l sot ra t i^ropt i ic Cosnatioao of VlnsSbyaa roclic as tho baoio 
oS Qtratlfiropbic corEtJiotion. 
C'to thidmoso or tfiadhycn roc4:a in najaotlion Qtcto lo 
olircot ait>itr4iry bocaus© t t e complste sectioo io not psosoat 
a t every placo, tbs liwegulerity boinr ^ e partly t o 
thinaiis? out oaf" partly t o Ictoral clianc-o. ^to Oppor 
Bhandar afcinf.stCKie» that ecoars t o tli© ©ust aC tl® Aravallio 
asouixii '.axmili, retairjs tfm maxinur'* thiclmoss c£ 13C m one?. 
aurprisin^ly i t diminishea towarfs the acuths^jst directicm 
arouivl rnutdi, wtmre i t dwindles t o 24 n . nawm^mr, tbe sarao 
aaQtiatoDft, ^artb^r sout^iwest in H«ndalQa£h»«iin^li ara<i 
oquala in tbiclmeas to tbdit u£ Karauli. ZQ souttieaatem 
t^mt&x i t aQain b«coB)@s a» inportant CMistituent axv^  cotaina 
I 
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almost t t o assm thickooss. ^'ho JoChpit £»£ffi^ t«s»c in yisiiteim 
Eai&stlian has Ql^ »@t loat t t e yniConnity of tliScknoas In 
Kjiation to the tij;p3r Shander oazMf.atoae t o tho oast of 
ATs^ullio. ulth t l » laai^ sed ClMnuticsj in thickness, t t e 
OGnCotcrrj in t t o ^5ot ijolativoly ccaEitoino thin conclorjoBstic 
ben^o ct; tbo L>c30 i^ l:c:scco t^J2 cost of 110 m coc^risca cf 
3S ® f la t bc^ed oeneotono, 30 sn channoi con^etoao C2? 45 c; 
o£ <2asS* EeC<2ioh ccnOy ohaloo isith scnsastOEO totorcalotic:no 
ct tt:D tO£> p5Etion o£ JoClhjxtr CswSstono. 
Ui^oF Dhan(2oF liEKJOtcna a t DtmGi cctciao t t o ttiic!snoco 
of 01 D asxQ ia olmcsit csisoinci OJDOSEUS wsotoro cmrgino o£ 
taajor booln. TtD Jo£2hrar EiEootaio in ctJotsjEa Rajoathcn 
cai^srieco ot 35 la ai?gilico3cxjo matlatono, Collo&JoO &!?• on 
inton£€^iatc da^^ £m^ t o blue smssivo 40 is thick liisestGOo, 
caDPsG by aeairly S la of dbsKnaroly M^StSdert cberty onsS c^^laaitic 
Cables at t t e to}.5 of tl® s©cp®n^. 
I'^otecTi Haja£rl:hcin Axiaa 
'JI*« imrssticj«te<l rocl:o of t !^ Vintihyana sotain t !^ 
tticloiosa ol 192 n 012 an acverato isi the atudy area ant t t ey 
haive hcmn divided ictc^ tiio mutually ccmforma^le foxsaatioas, 
v i s . , Jodhfur ^MDdstoxus and Jo&hpax: JJjmstone, isi tlm 
aacsndinij oztSer. Each of the xtx:;^  foci£&tion haa bo«n 
xedivia«ki into different unit» on th© bas is oi bedding 
characters* grain 8isa« atn^arent colovr^ ccmj ositicx^ ml 
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variatioao and SescrlbotS oeparateSly systoroatlcGlly as 
follows I 
CIS ®C€ t^oEc6 cspoiSuroQ o£ Jodl^::tir OanOotcmo stcech 
Scr CGat;£f1occblo Ctctcacc t o t!Ts ocrth bat not ao far C3 
tk3 GouthocQ half oS t t e otu^y area ( r ig . 2)« Ul^s' ctirtscb 
ccsr'j^sctiveiy oo ©catterod f la t i^atcboo of rocks msch 
intcrsrur.tc£ hy oilis^ltsm for Eia^ F ^HoiBtor© to tfco ooiitti, 
9fe) foEDGtica tiaq. oa eroaiccai t c ^ esafl lienco i to t rao tMc!:** 
aeoa io aSjcasat uotooi^. *StD thlclasooo of tho oisaOstcr*© 
caocsuro 5 D at Picl^o)^ to ^mst 70 m a t JoQhpur mxC 3.00 D ct 
natksaria which has beca estSisatcfl d i rec t ly tvan tlss i::oQiticn 
of i to booQl ccsntGCt, 'i^tm hi©test paint in fto t^s tom 
VlotlhyuBs lists €m & ocarp n@ar Rajleoi witb t!iD nasinitsn 
thlctosesQ of SQii<3stone raeasurlnc csor© thao ICO ©• :^:?bo girsator 
£jart «j£ atu^icC «oah|^r oaudaton© aeqjaonc© Corras isolated 
f ia t i.«tc!i0s wt»j»«4a i t s wn^»no3t part i s only eKposcK''. in 
tiio low lyiog touramock^ in t ^ scutb&aat. Deapite uf tliQfie 
iJUBitati«ns« nine iiart aooticxis uer© mQasuref. oloag cl^^s^Iy 
aiaced traveras i ines both on f la t latchea anf. In t!% Ic*w* 
humoocka in the norths m and southoastem j a r t of the study 
araa* One of tlMSMi soctioas li'^a aibo^e tbe Ararralli alataa 
nm<ir I'ichyakf four ever t t e Qraoitoa acoim^ 3onia* 
o«rsuria« Hatlotaria aiic Bhopal<g«arh ant- the reat aibaire tTtm 
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t^ aJUini rhyolltoa accaso^ Jodhpir, c^csagar, ^wasa (miff. Athdb, 
h cfmi^SBitQ atratin^^a'^ia «©li«an was EJroiKiced by piecing 
ttoso pert ©octlonQ tooBt!icc ox^. f inal ly a general ig!@9 
ctratics^cpliic colurnn tna bocsn pce3©ntai3 (awnsc^ a tap 4Q Fif»3), 
Cn tlT) basio aS csroas li t l iolocr oaS 0€K3imc35tory 
charoctoEo tJc^hipar CsaCstono io beocOly Civicibao into 
gouff yn i t s (Pi^, 3}« 
l!ilit._..A - Sliia unit SorEo Eelctl.vo2.y tbin bonsDo o£ bc3Ql 
coac^onoffQto cvor tho fciltcscS Arcxrollli oicteo ct PSjatx^cii GTKJ 
conopicuouGly oocttipioo Xcst?-S,y4ag OJPOGO ID tlx! conthDost. H; 
io odiairi^jly (SloployoD C3 ongulor iiaeouforraity at esjot, 
40 ioB sojthQGst cf tho stuCy QjpQQ (Elot© Z, Fig.A), f^te) eon© 
Unit (xxmpios graCtially hlcbor grmiQds e t SisaiQ cRfor t l » 
spl^roiif!© of Brinpara, Jolora cist3 ossoclcta?. f^eoltea ao thin 
can£lmmKQ.tQ fooiMSa (Hate HI, Fig. C). ISsa the aboonco o€ 
cosglc^Bersatoa tbe (granitas shew tofllllnc; of 8mi<£3tocja in 
nlclias bati^on t^ extoliatoti apiierolsSs (Flut© si;, Pl^.B), 
2t also occ«i5lf»a ba30irr«nt highs tt|xr raioala es^C. fcaons 
psxallal wncoRfonalt^ with ttm obacwrely focj^^eiG iil^folltos 
(it'latc^ 2, Fi^;«B}. xn ttm flha«R}C^ o£ ccmf;Lop@rato®,tbf9 
smxiBttsim Iio3 benkad up ao^lrtjit « very una^ treo Cloor of the 
M«l<inX ItPTifB ono tbus «» unmlstaXabla evideocfi o£ unccmfoziBity 
ia alitvoat miRsittC! a t audh ccmtacts (Plate XI# r i g , ^ ) , •The 
«voraQ« tbickn««fl of the tmit i s alxiut 1 w ant^  i t ia compoaad 
w^^^ 
" " »*^  " 
-cr-<:r-Sr 
fc>5i;>scp!; 
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GENERALIZED VERTICAL STRATIGRAPHIC COLUMN 
OP JODHPUR SANDSTONE 
UNIT D 
F i n e r u s t y brovm s a n d y s h a l e s . Medium 
t o f i n e s a n d s t o n e i n t e r c a l a t i o n s 
u p w a r d s . S m a l l - s c a l e s y m m e t r i c a l 
r i p p l e marks , mud c r a c k s , c r o s s -
l a m i n a t i o n s , r i l l marks , s a l t p s e u d o -
morphs , c u r r e n t - d r a g s t r u c t u r e s . 45 m 
UNIT C 
Coa r se t o medium, r e d t o r e d d i s h -
w h i t e c h a n n e l s a n d s t o n e , l a r g e , 
d i s c r e t e , c o a l e s c e n t c h a n n e l s . 
L a r g e - s c a l e t r o u g h and p l a n a r 
c r o s s b e d d i n g , a s y m m e t r i c a l and 
l i g u l o i d r i p p l e m a r k s , s c o u r 
m a r k s . 30 m 
UNIT B 
Medium t o f i n e f l a t bedded r e d d i s h -
w h i t e s a n d s t o n e . L a r e - s c a l e p l a n a r 
c r o s s b e d d i n g d o m i n a n t , r i p p l e 
marks of v a r i o u s k i n d s , p a r t i n g 
l l n e a t i o n s , s p o r a d i c l e b e n s s p u r e n . 35 m 
UNIT A 
Unconfo rmi ty , c o n g l o m e r a t e s 
DELHIS AND ARAVALLIS 
1 m 
22 
o£ diacc^itlimous hsnmtB of basai congloaerate. Bey^^ ttm 
actual cojjcjlaaerates IQ, a l tu t he i r residual pc^ableo 
«eathBtG^ out mscl Cre^i&ntlY ^orra a th ia cc«?oi:' owar t t e 
oMor surfoixj, 
'^Ito imit compffiscQ of cssortcsa rxi^^ioo onO C(2S>3£J3 O£ 
volo cporto, cuGXtesito, c^Jcrts oclbiGt, Craci^^to o£ oicto 
cni c^caito, closto c^ - rorpl^jrioo, cxaccc ^jcios cnC lirtrc-
eoEi=atlcnaa rip-tip CrapcentQ. Tte c i c s t s cce conparotivois' 
iorco. tho3© tfco oiE© of walimto cmQ ImsBSxmta being 
GCi=rGa# with o'jco CVOD larger rs1:o 17 cm to (QlssGnoicn 
(Ploto E22, Pi©, D), Tlxay arcs (Tsoorally EOcmCoS to ca±>-
Ecanfe^, ccs^catolj; sortcja, Cte loag onfi iDtocceSiots 
csEco o^ tho clGGto o x ^ c Qlpx^t iErsroricably paral lol , caK«l3o 
ao i t oi^ht bo, thoir aaitasthal orientation provasS to ho 
rojaCon, a^r lca t ion cu^pears roroly dovolopoCl ooCl typica-tly 
iovolveo oaly Cefier atSiaosnt closts* Apart Crcsn tbo 
strcitiCicatioii of cliuito, «hicb la oc^stiiaso cru(2e, t t e 
bast acifinitior oi' b©^inc cams ttmt t t e intercalatetl 
strctiforni lansmm siml lasers ot coarae saiKIstonea tflthin t!x» 
ccm^Ioneratos. a»ii«v@r, the thickness &n6, dl&bsShutixm of 
auch in tercala t ia ia la not regular tttrcaa«sh th® un i t . Ttm 
Irrangular itttorcalat«s<l stratlforf*^ lanmst U^BT layers of 
co&rm (Mant'stone increase nptms&a in t h i s uni t and conglo-
&<erat@3 gradually pass into coar^s and aubaoquontly fine 
s£u:iust(3ci« upifardji. 
andqt;»£» rjo i^sos atjou pesodx© 'ouo:^spir»c 
* [X^t^toa-^jroii pun po3€sq:>i9©« 'poppeq AxQinoscp 
•(^9fos atJDU pecodx© 
'etKjtjeptros jrMqpor 50 v :>xan) et^tjaretnoxSuoo 
treAtipuTA OonpAxaoAO Gq:^  pore ee^iexs Tlt^AtjJtv 
pat^ XT* ueafttioq At^xtttiojuootm jrtJxnSm? Oax>ix-3f*6 v V 'Old 
X o;^sx<3 
PLATE I 
i h: 
Plate IZ 
OUTCROP PHOTOGRAPHS SHOWING UNCQNFORMABZJB 
CONTACTS 
yjO. A A Striking parallel unccmfoxmable c»:itact 
between Ma Ian i rhyollte and Vlndhyan sand-
stone. The sandstones are banked up against 
the scarped edges o£ uneven floor of lava 
flows (unit A of Jodhpur Sandstone, ejqposed 
near Fort at Jodhpur city), 
FZG. B A striking unconformity between Jalore granite 
and vlndhyan sandstone showing infilling of 
sandstone in niches between tl'ie exfoliated 
spheroids (Unit A of Jodhpur sandstone, 
exposed near sonla). 
PLATE I I 
P U t e ZI2 
SPECIMEN PHOTOGRAPHS SHOWING CHERT AND OTHER CLASTS 
WIG, A The c h e r t specimen showing o n y x - l i k e l a y e r -
ing havinc a r ibbed appearance, X/2 of t h e 
o r i g i n a l s i s e (Upper p a r t of Unit D of 
Jodhpur Stfidstona* front Buche t i )* 
FIG. B A rounded pebble of Halan i r h y o l i t e about 17 
cm in dimension (from ra i lway c r o s s i n g n e a r 
Joohpur c i t y ) . 
PIG. C A t h i n l a y e r of sub-angula r t o sub-rounded 
fragnients of wh i t e cfuartz embedded in k a o l i n , 
o c c u r r i n g above t h e g r a n i t e (lAiit A of 
Jodhpur Sandstone from s o n i a ) . 
PLATE I I I 
,^J 
t**-^' 
2to All tha ••ctioQs studied, tha oan^lcNnerattts 
sensibly ^rsde Into the overlying psbbly, gr i t ty sandstone 
and f inal ly into ipediuw to fine grained thick bedded 
sandstone. 
Unit B • Tha f la t beddsd facles of th i s unit markedly 
d i t f ers such in sedimentary characters from th* underlying 
congloeierates. This Ukiit, exposed in many low lying 
hil locks seldosi ejcceeds 35 n thickness at a given place and 
i s characterised by dominant msdiun to fine sandstones 
tinged with reddiab white <uid grey colour with intezmittent 
paper-thin shale and si l tstcme intercalaticma. The f la t 
beds of t h i s Unit are well developed around sumsagar 
<:2uarri03 in a scarp north of Jodhpur, the f iner grades of 
the sandstone make excel lent building inaterial and are very 
largely used for th i s purpose in Fajasthan. s i n i l c r f la t 
variegated beds guerried near Danro. Rajlani and sonia 
show reasonably a greeter developnont in the northern and 
e e s t e m parts of the study area. Ajcound Athob, Lavera, ^ i r 
and mm* these sandstones are extracted re lat ive ly fron 
shallow guarries. 
Ths thick bedded f la t beds at f i r s t appear l e s s 
proMinant and generally show the presence of large-scale 
planer croedbeddlng dovinantly as so l i tary se t s and raxely 
In coscts associated occasionally with single trough s e t s . 
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Th« thixikneas of crosoboddinQ ran^ss twom store than 4 cm 
to l e s s than 20 cm. HbiMvar, s l i gh t ly thin boddad 
sandstonas contain moatly asymnatrlcal rippla inarks of low 
anplituda. The f lat beds sensibly show a profuse develop-
sent of parting lineati<Mi in a few centisnter thick bads 
which appear intecnally thinly laminated. The sandstones 
are massive looking and occasionally their bedding appears 
lenticular or wavy in the exposed parts of the unit (Plate ZV, 
FiQ. A ) . The Kiddle part of th i s imit shows profuse deve-
lopfnent of various types of ripple marks that «d30und ths 
upper bedding surfaces. They include sysnetrical , 
asymniQitrical (ripple index S,o-20.0)# linguloid^branching 
and also the cross-ripple types. Ripple cres ts appear long 
and straight to s l ight ly curved and branched generally 
showing rounded top» and high degree of orientation. 3poradic 
occurrence of loliensspuren in re lat ive ly f la t cjuarry faces 
i s gratifying, and sows of then My be r s l i c s of organic 
l i t e . These t r a i l s and tracks occur scattered over the 
upper bedding surfaces of f lat bedded sandstones. Ths 
labensepuren of huge dinensions (described elsewhere) hseve 
previously never been reported even frosi ths Viodhyan rocks 
of the main basin. The top of the f l a t bedded unit consists 
generally* though not always, of f loe eross-laiBinated 
•andstone. The toismet portion of t h i s fac ies shows alaiest 
uadulatory to lenticular bodies of overlying channel 
P l a t e IV 
OUTCROP PHOTOGRAPHS SHOWING StDOIENTARY 
CHARACTERS OF JODHPUR SANDSTONE 
FIG. A Massive looking f l a t bcsdded sands tone showing 
l e n t i c u l a r o r wsvy bedding (Unit B exposed 
n e a r Port a t Jodhpur c i t y ) . 
FIG. B L e n t i c u l a r body ot channel sands tone (Unit C) 
has cu t and encloseKS wi th in the f l a t bedded 
sands tone (Unit B} (exposed near For t a t 
Jodhpur c i t y ) . 
PLATE IV 
t. 
~N 
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sarsclstones th^ t hsav© cu t onC enclos©^ wlthlo t!ie £liit bedded 
saodstoQ® (I^at0 W, F ig . B) . 
tJftit C - 9fe3 GI^SSMJOI fociea of t h i s un i t roarkwSly d i f fora 
froy tSyj undorlyiag Clct bGi2dj^ > fccioo, in colcmr, o®2inant£ir^ 
c^zai-QCtosB aaC dSccaaiono. ^bio Unit* eibout 30 B thicis, 
OTQzl&oQ tho fiorcoi? Calt a t ccay io» Syiac olEiOGt £ l c t 
toj^)eC hiHocJsG osxjont"! Jca5tri:s2r# CctkariLi, nBjIc;::^ cnC cixiiQ 
ca£3 c lco 2 i t t lD csqpccfi ot EBans' o t l ^ r £,1&S2Q. i^?te loiror 
portion c£ thD iBiJit Gi:;pociro oSictstly w a ^ QXiQ ctxms clODst 
tEimcatcti cECi laiKSuSctosri-' coa tos t with miderlyloc Cict 
bo^c i l fccioo ca<2 ouccoooivolip o srciS^ticncii ccsitcct w^th 
tte( ow3fflyJ*Jc oocfiy ohalco. ?feo ocndotonos a re sodCioli t o 
Eceeic^.»t2^ito, on^ or^aar Euot-coaxra»3t3 en ®0Gtl»ffiQC;# 
^amaloix^ oo l e n t i c u l a r be^ie© dba^o tlm cssociQt©s3 fIcit 
tJCKldcC ooaOstcmeD. ^ISD d r m j e l o vary in 3i: '^0 tiinr. shaj.'o, 
cnfi a re jnostly iaircP* 6i30j3te onfi ccwaldaccnt It i terQliy cmfl 
waet ica l lv onC becca» pEocisasoivoly siaal ler in sisse upfacSs. 
d^-e l a i r ^ r chaim©io BGasuro ap to 9 m acEu-^s ami 3 m <3o©p 
whilo spoi3tIic small chaanol Ccnss 2.B nj across anS 50-80 an 
^OA>» ^i i '^^r t o havo d©v©lor^ ^^ ti© t o the loca l channel l lnc 
mici later«JL ai^algoma^ticm of C O Q C ^ sandstcane. n@&$xm. t u 
coarse fjrainefi chaimol f i l l a s^ Jow s«naibly ei t i n i n ^ ui^ward 
flMii^ance afipirably diaplaycKi ^ t l » low ly ing acaz? upcm 
vhich tlie Jodhfur Fort ia b u i l t . 
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C£u:»al>i^ aed dondataxea with dceeiin&Qt larce-acal© trough 
iiQd iJl^mar typis^ The cosats c£ lar^-^CcJLe tsough t^ i^ 
oC cjcossfl»©<2a4£ii; aK;3tly occtjp In t^i2 sildai® i^^rt of t h i s 
X^it, ^he cIustorlnQ c l subangulor t o 8ybrc«2i.t?^, «hi t isb 
<pai:tc CJ^ oin© io tho oxi^seO bosainri eod cro3^edi3ea piones 
tyro on tho iri^-pio iEa:^o« iJto Sicguloid cir-pla caifes 
g2ZiQrj.lly, thov.£^ net al^saye, osaiir ns^r tlio tap o2 tlxi 
Uoit, a ^ u r laoi^ G clco Gbcsunii tho t^z-i'^s surfc^o cf 
occdGtaie fees in th i s c a i t . l-li^hor up In t h i s tiaifc t t o 
©aataotonas bocoiC! loore sQQ<2y tffl^  oholv oncl ^ i th tho coi&oQ 
deareeiio in ^ecdn o i t s , ^jra^ksaliy pass Icto Siiio ooBCatasco 
u i th da.?ii:'.aritiy iiJtoscalateiG sos^y shales. 
m i t p «- 5'ht3 oQuay 0feclo unit <45 m) aif Cora reascaaeiba^ 
fix^ tl-^ uDclerlyinc choanol ooaaatcsiea in colQ(ur» croia 
sir.® «nt: owiiugjntary charactoristica» beinc iwcre sawZy them 
tiTO fcrjier, tb© intercalated ©emtSy Q'^ sjies are redclia!: 
bjco&m* best ain^ Xop@<2 at loany piaces incIuClitiQ sonia in 
south, axtertding tiM&x&s Haitkuria, RajXani« BhopaXgarh, 
hg^era, l^anro in t } ^ north* covericq on aroa o£ «^3cut 40 Ion 
in l e n ^ h . Mowovdr* in tlm vmatem i;Unit ot the azna, euDPucK^  
joUhpur, t h i s unit airpacirs oucprisingly missing, nhe 
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l i i torca ia ta^ sandy slioles possess alraoat a uiii£ox» charac te r 
general ly without tho boruf^ a o£ i^ieSaibhiB o r coacser ix:ax±iona^ 
?hQ80 ohQlQQ ore ^netalXy ruoty bsown in coXcmr, Cine 
t r a ined , raic«scooi:3# IcEiBatca end rip|~le icff.inatofi, oach 
loEi:iao i a clferQCtGriee(3 by i t o colctir onti tcartural 
VGTiationo. ^Iie Icuor j^rtica o£ tl%3 u n i t tias o c^s^Q^^^^ '^^ ^^ 
cca tco t witl3 tlto U3£3El^laG cbcmoS. oznCa&tmci3 a^rZ c icoc t 
Q tE2Li:5ltiCDQ2. eca tcc t t?ith cc^orXyiac l ieoatonco. Tto 
thicIaeoQ oC t h i s imil: in cpuorcii oprearo a i ^ i t r c r y fcocauoo 
t t o cu ip la to Msctlca i o ne t G^oiidsio duo t o imivoroai ly 
GEa2c(3 tor>» 
Sb tho ©lEtgDEao Doeth ooar l^ s^ fosro t^o 0C22C37 ohaloQ QEO 
tBoro cslcQcooaa* ooftor then t tesQ o€ Dt^ped^airt^ oa^ fl <3isplcy 
oaaai-ecQlo ©ynraatricQS. r ipp lo nastio, cbGr®ctQi:43tically 
IPolycPsiQi oi«^ > Grac!:0, l:2i;tc> an<3 gscovo snolrls* crcso 
IceiinatiGiio (es slx»3t«»Jiiko co3©tG)« coovoiute loxiootic^o* 
loaO s t ruc tu ro , cwatols' ^mv^alop&di pact iag l i a ea t i oa &aC 
t^mico ourfes. AsounO Btaspal^nirh or/' sonici t l ^ ahaico 
preserv© in places saswaiaeriijc t y p j of r i l l roaiScs, nmC 
c rac to a:i<l axioraSic pscRs&x&orphic cas t a of s a l t o rys ta la* 
A h©C> of cher t about XC CE thicSc fortns anyK-like layarinc} 
near Eatkuria ant: Kmia (P la te 121, F i e . A ) . The chert bed 
th ickens t o about 3C cm arotmtt lAV®ra and projescta from 
thsi «ieathere€ surfaces, g iving the outcroy a ribbod appoaranca 
on r i s i n g scars^. 'itm colour of the cher t band rangoa frcct 
Pla te V 
CHaR^ C^TERS OF JODIIFUR SA^ IDS^ 'ONE 
PIG. A Th0 In torca la tcd sandy shale (lixilt D), under-
cut by Mind forming a pedeatal or •mushrocam* 
rock with thQ capping of tough sandstone 
<Qxp03ed near Bhopalgarh), 
i?2G, D Calcaroous sandotcaao (top of un i t D), 
a i l i c i f led to Q certain dapth due to tlie 
wQatharinc of ovarlyincj siliceous limostone 
(oKj^ocd naar Buchati), 
PLATE V 
2& 
isl": t i t ; t 3 , f l « intctccalt.tex'" avne^y n? -ixi vlioo iin^'cfcut b?f' 
Kii'-f. c:r«:3lcrj foe. s a jxsi!c3tc2 c r '1*2131:2:17^  :• WQCl- cS tcarp 
G£z:fi3tar5o ct^x^^C <i-l<^ fco V, ric»A)« araiX see?.©, ooJ^itaci/, 
c t t i c cmcCcco o€ inCarutoQ ocjiCy GIIQ2.C3. 'Jlr-i t o ? coot 
rtsrrtiiccD c l tli^ L*3it cro c^ Jal^ GCto£ i^Lrxll by tho r^racc^tco QC 
Ut3it t t o irvtoccaiatci: ocrtifilotoirioo bcccrro colCGroQuo cot5. 
calfco ccsjiSit^cno (ric*to V, !?3,c»D). Cc::.X3 Isiatsljly ECtStUoh 
cdCGECcr i^o c©r:;cg?otJkno c c c t t o r to Cto ncc:. cirl CC^OIGGCO t o d.z: 
lL,t:i:ro tSiin 2.JUx:r;tcno beO. riv.c.llvt vlty, Vyi iocrcooinf 
ccfijca-ito ii^Clvoncr^.^ t lBso GcnCistonca : <^U30 ci^ v?"i3Ciliy i a t o IKST. 
crc^l^.^'CGswo nirrottno cX tl:o ovorayA^ic Ja'Ti u r 2'.ir:c3tono 
. ^jXfiator . a r t of tl"st^  «1"cfiir-x Xii.-'stone funas rais<3«"-
lxtu*»u. d whU^V, ru i aln:rnt ;^,ra3.1©l tu Cat.tii.r .tmvJstonis 
froc. 'lilaxw t o ^tjdna|:« 1:* the v.e^'X arvl i t cjcoi'a out aa 
lauLaett i'4atchi;3 frotn Cotiirj tc; j 'dtlri kn c e n t r a l ant 
e3K%.imm aortt- oi tlti*! atucy ,ir&& cuverln^ a ' l la tance of 
aJbout 45 kn in length (Fig. 2]« Tt-«s imrtiens® cocky 
•xpoouros u i ch®rt debr is lyint. lisoao above the surfeicn of 
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sant'^otc.acs iodicote tlio presence of ijtoejstorj© upoD th® 
former but ttso €«30tGCt Is conccoloe due t o tho Qiluvici 
ccvcjs" »hlcli lQtori?cn©s, t i l l fcbo clcox llmeatoio exposure*© 
are c«t eroim^i chonapa. I t s jtmctioQ trith tho 3Qi»33t<w3es 
4o ncvcff clecriy Gosri ca<4 oio:6 tho baoe cmf^  top aro oovoff 
GUccrlf c2>oorve!n to ttio GCTO cccticsj^ ^ts trum thicknssc 
ccrsns t^ bo ootteateil, *Jte thicSssooo o£ IJi^gtai© to tho 
ottbCs' anDG occsuroQ iO D at DaspiriQ, t o eE^ -out 70 m ot 
nonsic^so Ga«2 D n ct Falsri* Sto rimtoEi tIii!C*:noaQ of tl'o 
iicootoEio hao 150213 oGtlcatc^ d i rec t ly €zxm tto ^ l i Cag Sa 
Gcoecli of wQtor a t rianolccio* 
^ho iDcsinor of distrAbutioa aS JaShpar LtcxistQ:^ © fosmatica 
plGKCca certain uastrlctiona on i to dctoilod field otc^y 
bcconoo t t e e^^suras cm the eosort platCoxra are not 
cc^titjuoi^ fiu© to ter^iae e l luviol cotter. For © aatoileC 
otut!y of littx>loglc cmC ©ectteeatory characters of tlxj 
itoestOK® £ora:^tSxmt ei^Iit a^ ctiCMasj «rore Ba»aaurat:« alone; 
tbs <pQrrs faces €raa J^apipurio t:n<3 Ransl^o in tbe soutlieast* 
Dhanapa and Cotan in the east and Bar»ar, Hln^cli ana r a l r i 
in t t o north. 
a he t ransi t ion ssons, between ttis Jo&hpar sandatono 
fon»aticn eiKi ovistrlyiui liti^atanes* ia about a meter thick* 
aa couXti b@ aacert&ioed ftxm £iaM atiidy Jbi ss^U <|aarrias 
around Pichyak* Khejarla «tnd ^caaia. Tha aandatonea display 
the genuine aluwp folda and aefomtet! croaabedding upon vrhich 
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£03t t l o calcareous oondstcnoo o i l i c iC iaa , pzQSuraeibly £90in 
tbes va<^tfs:i]ct?€ a i l lcoous liin^stc^e l^iag upon thsm, t o a 
depth oS Q r ^ e r c r so» Cts3 calcaceoio ccaitent incs^aaos 
i^l^meO.o QTjQ ttolt D of son^atoco ipoooes In to r©<2£?4sih 
G£?042.2.cccct2.o cadstcoa. H-SJ ccay cat! feJLlo^lofc colouccTi 
2.iL:ne3tGi3o QC03Gnco i o (^dvio£>lo 4:2to tbrtjo Ittiits (Pic* 3^<» 
Tm,it^ i^  - ^hio tuslt, cJjout 35 E3 thicS:, io charoctortosd by 
CcsctecBt EoC colour ^ i t t i cojxs orc;illGC9c-*3o ccatont ao t o 
bo hncOiF clcsGeQ CQ liexsotcao. Highly hycEoacopic o r o i i i o " 
«*ono rasfiotcsio 4o otsG^»36 t?Ath etiot col©aEc6 oho J© 
fE-ac^r^jnte, a l2 ty CEI6 c j c l y ohaloo cxiwuir in ben^o asxjfl ohcw o 
casploto 4Qt©E^rQ!3atio:3 bot^joca t t o caiCQKccwo ohoXeo cs^ 
oan?3y i teostonoo ( r l a t o V2, Pig. A ) , ^lio c a i t i s ^ o o r a l l y 
dioployaa in very ©halloc? cjaorrloa o t Pichy^ri. KtejarSia 
cmG aoDia ^h i lc iBSt oC the infoxioati^) i s eateblistisO tsan 
tlho sGBii.les coiloctaC a t Dhanapa* r<>ten eaa^  r a l r i e Tl® 
Qtt'i3.l.aceci:a ira(3stofie i s thi i i beflfiej?, (2-15 cm), anti s;rogi?eoa-
ivoly b©cc3B5f?3 lafDiiiatwf! uiwacifs in t h s sequence, BJ t!x5 
mi<^ie o£ t t e UQit* th@ iominatioDs era occaaitmally 
<»Ii£ica3ti&itous« hxdkQn, randomly or iented am .^ l oca l ly d isp lay 
toad crac>'.s ovec •xposttcS suxfaces. «^ch laminat icns in the 
nudstoiie a re occasi£mally ob l i t e r a t ed by t^^ i r r e g u l a r 
in t e rca ia t iona of aand, t l ^ corrugation and arching haa alao 
dttvalopadi path&p9» due t o tha i^xciaance of a l g a l mats . 
GENERALIZED VERTICAL STRATIGRAPHIC COLUMN 
OP JODHPUR LIMESTONE 
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UNIT C 
Cherty and siliceous yellowish 
limestone, vague stratification, 
stromatolites. 5m 
UNIT B 
Massive, grey and fine microcrysta-
lline mudstone and carbonate 
siltstone. Thin bedded and laminated 
with occasional dolomitic laminae. 
Devoid of any current- or wave-
formed structure. 40 m 
UNIT A 
Hygroscopic argillaceous, reddish 
mudstone, laminated upwards, 
dolomitic lime mud in wavy discon-
tinuous laminations. Stromatolites, 
mud cracks, sporadic ripple marks. 35 m 
FIG. 4 
31 
Gymmeftricol type of r l px l e m^xTaa <x:cuir sporadic in t h i s 
tiDit. %ho t op of tteia e s i t cha j rac t s r la t ica l ly cootGitia 
{Saninoi^t i^avy (fiiacoRttoniajio IciminGtiajs in t^hlcb ttio lijma 
m;i£i Cffcctlcjj occoQioaDaiy GZ^S^QT© d o l c ^ i t i c . 
laait^n - ^-hio t n l t , <0 o tfotolx c:::i tlio csrcracp* ccao ia ta 
CDalniy cC- c^oy GO <2aiS: cros? ©iejeocrjfGtGlline nasCotona and 
CQsfxrsoto o i l to ta io» noooivo Icofeino Ik^a&tmio of t b i o Uait 
io dicjjlev'o^ s e a a ^ l y in ttia lo:? taanr-oitea atxxmC Dlxsnafsa 
cni", Cotcn, CnuasCs, upto Foior i , i t cccusro c teoct c t tbo 
Csc i^osa a.cvoi but DctMng io toc»a i^bcut t t n isolotofl potcliDO 
o£ t lw ossa3s«rQ tisuoliy tiistor thiol: ccv^r o£ oaofl cmj3 oand 
CuQOo* ^tto Cogli Cf:©y coiowstaG coi&Ksaato EOSI: OI? t t o 03 i t 
OE^ i^ OQffo ESQOoivo Xookiog, <2osainQtC(2 b f icjmiki£%tM £iao 
c3.c:3tiC3, ipoffoistent ^r©y c o l c a r onC coacboiral fractiiEO. 
IhtocoQliy Qc»Dh ififciinat; of inteifco^dte<3 6ar:, 0rsy f!it:tlGtono 
vsxC coj^oaQto sil tatowo ar-Psors yellowish aiic. ahusi ©itefnato 
£icn tJol icatc aliarp rSi'Jc/ts r e s i s t a n t t c wnatfrnxin^^ {Vlate VI, 
£^ iC;« B}« lls»c!V&r# £>luo lin® uniosto:!® isoninae ahtm v e r t i c a l 
coxrucatioDs. Tls© aJicrocryatai i ine c a l c i t e wurtstoie 
occaaional iy ahows a l ayer of c a i c i t e over th« ntaaaive 
looking iimestone bands (P la te vi« F i ^ . c ) . ihe doloBiitic 
laminata show cozKrentric nai l t iple loc^inations with d e l i c a t e 
iBicru»crinlclini in the form of rained danal hwnisphvroic^a 
wi t r the r a l i e£ of l a s s than 3 ttm* ThUt Unit appears 
Plate VI 
SPECIMEN PHOTOGRAPHS SHOWING SEDIMSOTARY 
Ca^ RACTERS OP JOJHFJR LITSSTOKH 
FIG. A Argillaceous naudstone (Utiit A) slewing Inter-
lomlnation of calcareous shalo and sandy 
liiaoaton© (froK BckDJra). 
FIG* B Lanixtated caxttonat© icudstone (Unit B) 
ehswlng l i i icrocrystal l ine laminae i n t a r -
cadated with l i gh t coloured f i«e laminap 
of carbonate s i l t s t o n a (from Dhanapa). 
FIO. C Maasivo i<x>king microcrys ta l l ine saudstone 
ehouing c a l c i t e l ayer (from Ohanapa). 
FIG# D Typical cher ty and oil lceouo Itoeotona 
(Unit C) showing chart bands, l e n t i c l o s and 
i r r e g u l a r bedding, X/Q of tho o r ig ina l s i so 
(frcm) Oanjra}« 
CJ 
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®dadte«ili' dievoiC of eny c u r r e n t - o r weve-fowae^l atructurtas 
cnCi 4s cciiJSkoC by th© piasdoslaanc® of fin® e l a s t i c s cnc 
r a ra l l©! Jlasiloatlcsns* »e«m for seine i^JU^e© wJ«j«r© tl-jo i^alisc© 
& i^:3 s l l f h t l y rai£»c2 toamispheipoies, cccas icnal s t r a l c ^ 
ciceatoC GY^w^viC€.l r ipplo mciiiks (raw© length S-.i2 <3a)# Gn6 
caasa crcclia l:avo bosa K;cor(3e<3 on tlic exjxjssC surfaco cS t i n 
pRit..c - Ch© typ ica l cteffty ci3<3 olXiceajo llmcstcaao of t M o 
ttoit OB cwoc&^ la B m t l i l c^ . ^lio th lc tocoo 4o Qj±>ifcr i^ry 
cs t t r : cntororo oEo E 1^2c^ oE' c s^ E30i:B Ecx;::^ CuQ t o dbGCorely 
bsCfieO ctoffty ha^o, Icnt&chDO cxi€ irret^las be<2<3ino 
(Plcto ^2 , r i g . D), f^e3 tmscacSm of llLsstcKso l i o o to s s t 
PiCQllol t o tho ccQdotox^ CEitcEOE^ fiTOD Plchys^ ia tlas 
couth t o OSicaopQ CBC tttca R i l r l t o tho OKtror.^ ooffth* ^ to 
c tec ty cnC cillC(K?U3 liL:ostcao na'^ulcs conceal boles; thorn a 
Csxd CGal o£ besMocfl lisnoatoc©. A ^agua s t r a t i f i c a t i o n can 
bo ma£o out In ci^rie 8©otioi:o oil i t tt^au^li doiiiloont cliort 
pefc'olQs gsnorol ly l i o looso on tf-c i'rmme, t^t lew s^locos 
CKxaslt .Bally cci.er5ta£ vith tata, Cte upper par t of t h i a 
imlt 1^ cfcaractoriaseKl by prevsleatx of l i g h t yellow and 
I^irple colour m\C t h i n l y l a in ina t^ , Intexbedtlefi char t baso^a 
mic eolostorie bgauf^ »« The a l ^ a l mat laminae in tf^ ie tSolostcmaa 
are poorly tSetlne^ aitd dlaruft€»d, l a s s d i s t i n c t an^ form 
llplii; yallm^ layers wbich ataO<2 Irt r e l i a t on tieatheirin^. The 
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dulostcoies in t !^ esposoS oppir 8ur£<ice of b i d i n g appear 
ganorallv orange colotir^ QRC contain in tham Caint t races 
o£ dblQt® t o ccxs^mo->*9tmw&^ otzmnatc^itea. 
.^Is? cax3&ran®te setmojK:© in ^Sdstecn uajost^an ia Qait© 
ei£;£ereat SEO© typicai vinfi^ycn lii^stcxi© o£ th© aastem 
cafcD bosirso :^bsi i icsstccco, &:os03t5&, ccseitf^lc; 02.000137 t o 
Qirea (tijroa, 1932), oEcogit tha t t tey oro isore c te r tv enO 
cc3:tQ£rs lorgsr cn:r43t cf c!scrt la iGrgsr ciasscs. 
1£» <tejx2®itic3al oaOtecatery oswle^s^onto Ismro l»!TiK3 
ba3u usee oisoo Icoc ca gDifedeg t o t t e eipnt cmC/or ecs^isoa-
Dctfo t o Qsa£»iato tfce^ sfi^tecmtGry stmcrtyres with si»cif i c 
I3t4ait7 mich QB aacect^tetec t !^ s trat igrapMc osr^ec 
C:.tii:£Ci:, 194D}« ClttiO apioisios (clSbeirt, i914| Coldstelo, 
193©« 19^1 ^msasmi:>mQt, 19681 S@UIB« £969}, eK.: £luM 
ptptJUm (/ma^cscci* IS)S3f am^josg* 1956| iJillo, J^@6C} All@n, 
1966}, l^rln^ tbe los t ttf^ a«K:ad@s or so tim dlr@c:ti£»iaX 
«titicti4r«s ap4««r<0^ * t o b© algniiic^mt for reconatructtoJ of 
ttm j ^a^ j cu r r en t s 43t^  for anciiztatoint ths paliuK^lopo* 
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m&im&ntwcy s t r ike aispersal pattern o£ s^ t e^n t s and 
paiOQogoo^raphy (Fettijolm* l9W7b, i962l>i Belietier, XSSSf 
Pc^r« JL960f lli:ui^ K»in onC olo33« I$63| Bottor and Bs t t i jo^^ 
i963i Pattijolm onC setter* 29&4i Dsialsfnsici uon :M.tcm, 
19GS9 rMdlatcKi* i965af Ailen, 1966, 1968, I97C* r a s t e r s , 
1967f coDSbear caci Croc^, 196&f Col(2Pian, i969i EoailBtc!» 
1 9 ^ j CQ^£.£^:iai, 1^705 Klsto* 2S7Ca; Lattiiolm c t G 2 . , 
1972 f ratoeck smC oiugli* 1973). 
\7to2fcyQo Ea:L0 ID t t o otu% QCDQ <lioi;la:^ mHi:sff€3:20 cnG 
divoroQ GeClxcnt,ory ctructtircs* Hajority of t!:si3 Ixs^o net 
b£^» cecc3c?3ieod or <2escrib;:^ oorl lor la (Sotailo cis<3 tlaio, 
l i o Eoorly tm<2orstiOO<a, ^tsa otudy o£ t !^ Q®<3tecs3tairy structuroa 
in tlK3 present xso^ hoo been wotortdkoa ^ i tb Q tliroe-fold 
dbjccts (1) to Isfor FaiaeoflcstJ ccisCitio^s o£- tt© (ferxsaitioaal 
current©, (2) t o <f!®toni4!C20 t to r-alcts^Jsioi-© aoC oedteanton/ 
s t r ike , locafeioa oi; provenance, Gn<2 (3) t o ©scertGla t t e 
eewSiEBntary fiepoalt icsial envlronDdnt. 
'Xha classlfisJGtlcn «f se64i^ntai:y atructures propoaocJ 
by rott©r (1963), tias been afloptG^ lii the irasent woi^ with 
0ll^^t moQUlication b<M:;0U£iG I t can readily be pxtWRulgate^ t o 
oia«r r^cka tmO tias &&&B& atSvontace o£ boln^ adequately 
useful for tracing the palaeoClot>r, The wcxiifiea claaalf ica-
tion used in tht present invetftigatloii (Tdble 3} api:K»ars 
nelthstr dU»scris3tlve nor trhally ^ n e t l c . 
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ClQSBlticatiaa of ^H3is)@ntacy stntetuces o£ 
DcmaGo KQsk 
iDcfS otinictur© nod Cr@«5:a 
Steouatoiites 
FolIowiniC are th@ sttdiiaeTttajrsr atructuxes siecogniaed in 
tho Vintihyan rocka of atudy area that have beffft d««:ri33©^ 
follcswln^ tbs achsrne ot ciaaalf icatlon Qivan In T ^ l e 3 , 
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current Directlcmai 
C'rosfiibaddlag 
crv;ssbetk;izig i s a ubi^pitous £eetur@ eelat«^ to ulmost 
sedicoata of e l i a^o lo variaao Clv®fCBe eiwlrona^nta. Dt 
CcsccQt txK:^ £i3p CCCUE3 i^cilacd t o ttsD nrir.c£|Xi2 otsiC'cso of; 
occucisltition (ttJttiJotm, 197S)c ^Tte tern has bccm rfccju 
VGCiaa oarsssclctaEO IIS:©, •CEOac«GtEctlfic4iti5»« (Kcnco 
and t^oir^ 1953 )# «GEC3o-^ x55dino* (i:^tter c«r ODttiJofm^ 
21063) end also t!:o tociro liZiQ *£lcs3 cnjctiS •cy^scnt bcTClDc:®* 
•ccooo-XcDincticsiS •61ccs»Ql tx^^^g* cn6 oiacl^cS bcCOint® 
tKma fecca iiacs3 £D t&a csciJcnt coil c^Coni litsrstraro <OCQ 
ofcrock, 2 9 0 ) . 
cany gaologlots to t t e EKast; taoing scale, gscfiJtetrjr ea<2 t t o 
opsctraa oS eiCK'-snvironEBnli oo ai© o« ttm basis of 
ciosaif ^c t i taa . ^Tte ncrsnclatitro lias tmrnx tnnfle aiBix I^i: mi^. 
descriptive uaUig t t e stoat wiS©!^ followofl classif icat ion 
QfivancsaS by rcKee @uc! m i r (1053) ^i..e tu i t s r©«^y 
o s ^ i c a b i l i t y to enciDnt se^irfents, except i^ith tba roodiCi-* 
caticm that tbs tann 'crossbttddin^s* (l^t t i joha e t al», 
1972} iias b«»an used in the x resent work instsad of *cross~ 
strat if icat i«m*. The teon 's^t* i s an^lieei to a sincile or 
3a 
au l l tdTj xmit e l cram^^a^Vinc cizt 'cosot* for a grmt, of 
D^ TLi ont cl:-tinoto::Q i-rj cc j rao t o £;4[::o a-cCrjtcnca Ir: tt:o ot'Oii 
c c X c tCuUC^ cnC tc!raaoc C:s?pC3 t;l:i2o C;^ .il:;2 43 <24otiGr.tivo 
dist i l ls . t CEca3-bcCx'"l::<j tyr'^o Ccrjt^t' clJirln-c i'inOi^-cn tS^xjs 
b6K/:inf-ili4ii€a esci03ure i=^  t!*« otiKSv ai?au. .^cf; c r u a ^ w ' s are 
ixa tus s ly <2e?velc*i>«itJ l a Unlti* '•: ajx. u of jotih|4jr janr'stttfie, 
iTsc curvature ol lowcsr puuw"'ixir s u r t c . e uf trough cjDygj^ be's. c 
In^' u n i t s appoara scoor-a^i- '^ ' ^^ >"• i'oci'-ilnf-^lano exposure 
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(ilatfi ¥XX, F i r , ii) tiiat daeceaaea g&ner.Xly with ixtcroasing 
tliicJai«3s C3£ the se ta , For lajcg© scaJ^ tirough ccoaateds 
in jc^ Elt^ pur nai3d3toti©, with tho thickciess mKfSoeQ^in^ 1,20 ®» 
i t wa9 pSBOtica^lly «3i££iC5>Xt t o arr^?ci*"ite the tronc> of 
ttn net , C?!a2r5, in fei* plac^o iiJ:o Dijorw i t ttets pro^t^ 
CiCf?Sc*c3,t t o es t tea te th© K2lcti^rQ feptnisnoy of oo2t.?rrcnco 
ccrr.::^ rx) cX^cccteT. ^icb costoiEts? L'to cno cr t in c t t ^ r 
cc tocP^ (Pict© VSI, Fig, D). l^23 teccghs occtsp o i t t e r i s 
vcrticcil •cc* [;3.cnQ olcsio tto coslasir: di:- Ciircctiaa cr in 
VQsZLccil^ «I3C' c^ ST c^r^ ir.icuEcs' t o tt:r; <2ecx;siticnQ2. dip* 2D 
cxasGSfo <2osracwrEcnt cn€l tbD b isec t r ix sorrcscctQ t t o iSirGCtion 
o2 current eicr? (r lato SH. Cig. A), ^bis gsOT^ :*trj7 bQlCs g!:xt6 
Qt piocoo trhoro t t o sesaSctonoo sopjse oliiKJct In a stfn** 
toriscatal i;:r;oiticn« 
w:^iD <^gs:co cC; taiSbulorxo c^ i2crcX3.:7 <1?!tc*rrl":'\3 tba 
o^Jsoetry oS t!K3 GjFosatoe^.inc Raiaoly. the vigwrouo tuttml^ace 
rit36'w€ic3 trough bc^s while leas vif;Oroiis# tlie planar tyi© 
(rot ter entl 3i@ver« 19S6), Jt baa h^mn (Qenerally acxeptea 
thdt larg^<*scale t c m i ^ crossft^6<!inc; imita are fors^d 6im 
to tfeo irnxeases l ikei cnattixji aaC l a t e r f i l l i n t of 
alorigntei^ ch<sEmeIa« migration of pock«ts of largtt aand 
w«v^s* Hi^ratikjn of lin^fuloicl an^ laminateri dune fortrn aad 
Plate VII 
OUTCROP PHCS:0GRAPH3 OJP CR03SBEDDIIJG 
FIO. h A t y p i c a l trough type of croaabeddlng showing 
t r a c e s o£ foreset surfaces with crescent 
shaped geometry in *eb* plane (Unit C of 
Jodhfur sandstone* expoaed near Bhopalgarh). 
FIG» B h t y p i c a l l a rge-sca le crossbedding (IJnlt c 
of Jodhpur Sandstone, exposed near DhoiKi). 
PLATE V I I 
• l«o ttiosloo of tn»mhs and Imtmr f i l l i n g s (liCK»«« 19STb| 
Frazler and 08«nik* 1961f Allen. 19tta>i nmtmm and 
r«li»«stock, 196S}. 
mco-aca^i^ Tabular Croftibaddinc 
The larg»*ac«l« tabular croaatomAm prowiSm an additlooal 
tastiiRony aa a superior palaeocurrent indicatora in contrast 
to trough typa in the study area. The s e t s of taloular 
cvossbeds are associated generally with f l a t bedded l i tho* 
facias (Qait B) of jodhpur sandstona and occur invariably 
in cosets and se t s with a m»»erosiotiial and planar lowar 
boundi:)g surface ( ^ e t e VIII« FiQs.A3). The lower and the 
us^ per bounding surface of the t^riaular type o«mr nainly as 
subperallel planes though* convergent or lUkdulatory mirfaces 
occasionally appear in few crossbeds. Laterally, the large 
scale tabular s e t s becoste wery extensive relat ive to the ir 
thickness. The discordant eoeefcs occur inclined in nore 
or l e s s the sasM direct ion. However, such cosets ere 
rarely trecai^le in *ti>* plane. 
Kuch of the preeent toade est ending of planar crositMidding 
has basn derivad frost laboratory flua« studies whare the 
flow i s e s sent ia l ly two dimmsional (Neiee«« 19S7a» Jopling, 
19<S, 196iat Allen, 1973). Xt i e believed that ths plenar 
ownsifceda are genecelly foreed by the foreeet deposit ion at 
P l a t e VZIX 
OUTCROP PHOTOGRAPHS OF CROS3BEDOZliG 
FIG. A Large-scale planar type (below) in s i n g l e 
s e t followed onwards by trough type o£ 
large s c a l e crossbedding. Note the so lut ion 
e f f e c t s on the exposed surface of the s e t s 
(Unit C of Jodhpur Sandstone, exposed near 
Jodhpur c i t y ) . 
FIG. 6 Large-scale planar crossbedding in s i n g l e 
s e t . Note the so lut ion e f f e c t s along foreset 
planes (Unit C of Jodhpur sandstone, exposed 
near Dhoru). 
PLATE V I I I 
Plat« ZX 
OUTCROP PHOTOGRAPHS OF CROSSBEOOZNG 
FIG, A A t y p i c a l trough type of cxossbedding In 
*ab* plane. Note the ere scent-shaped cieometxy 
in which the t r a c e s of forese t s are curved 
and concave downcurrent and the b i s e c t r i x 
represents the d i r e c t i o n of f loW/ top l e f t 
c o m e r of the photograph (exposed near 
Jodhpur c i t y ) . 
FZG. B Distorted or deformed crossbeddlng showing 
dacollonnent-llke fo ld ing (Unit D of Jodhpur 
Sandstone, exposed near Khejarla) . 
s 
B 
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tho EJajpgina of transvorco bacs , anci a l so c«mr the similar 
larpa 3Cala oo l i t a ry 0r sopotit i '^^ forms (llaxxss ®Qd 
S'ahnestocli, 1965; Coleman, 19€B9 Colllaaon, 1970). 
cJoSra up ceJkitlvcly a aEna21 p«oport4ca 4n tho staCy c rec onC 
oacs2stcs3o iato£bC!f3 in tfco ssic^ff F i^rfe cC Unit n QRC thsxjfuOKmt 
Cnit O o2 ^c«s:iir43r oanCotono. C1:D cccas^lorliictilcEis c€tm.: 
our£oo2s» taDwover, tlseAr tMctecoo c a r t e s frcsj €ew 
ojiiliEisjtorQ t o l a s s than &ms ccn t t ee toco . Kcpaily csxzioii 
QynixjtricaJS. cnC aspsKetr lcal f i l l s occt^i? ^ •ao* p icas ultoEa 
the l e n ^ h oi^f^ra tout o fe^ t t e o s t t o wMth. 
iti© fnoc20Ei3 stiXie® liiive preyed t h a t t he c i»33-
lcgp.inatioD@ sI-^ Qw almost a olos® s p a t i a l i^slationship with 
the sBigrutioo cf l lngcloM dimple t c a i n s UmxX^sikt anf. 
Slacska» 1958; Dsul^foski &ad Walton* 1965). msch ImainatXtmB 
osigin&t& due to tha downwajp^ mi^r&tiai of amall*>9cal« 
r ipplaa tmder xmgaX&r im&imeitit supply t h a t paziBits 
succttssive generation ot rijpplod suxf&c«ifl (Allatn, 1963«i 
McKso, 1965). 
IPc l ina t i co ot cro««bw5d^c 
Due t o the incomplats and unfavourably orientttd s«ctiona 
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tbo aihedral smglB between t t o ccoaaadoddinci plane ana 
horisx^tai ia lancos^ iacmly Ri@a3orsl>ic fccxn the jcxSlipir 
Oomlsttffle, :^?Is5 cirosaflbe^Xlnr} unito generally do not occur 
«aspDse<3 in the vestdcol •QC» section* ojoC. thas cmlv I toi tad 
t ::3rmtSK:x:ntD iccteCc 309 n^siy^s oS Inclinaticaa values a t 
of ttss tecliacttea valuoa ccara fcoa oteplo tctotaler cjcDsa*-
£j®2ii4oc iQ^ c^a?* AltlS3UCt^  t t e tociioetion t?3|.ueo o£ crcsa-
beddiao £ocDs©t boCs 4n Jc^hx:tjr ooiiCotono sbst? olifcjst o 
CGQr Ciorriil dJksttriSratlaa ^^Mch CGQCPO «^?csa l®-40® (oircEGgo 
20^), voltioo Isot^ ^oaa 10*^  cn^ 20*^  trsve been ii©ro ccxinajsa caQ 
thD tecllnatlcso io raroly csvorsteoEJeneS. ?^h6 o^Teroll 
Cret^oncy distrlbutioD o£ ioclirtctioQ o£ Soceaet beds 
gsxMt^ In S^ classes ©Inoija tmimsOo.! en^ olmost oysss^tricai 
aiatrltoution (Fig, Sa), Tto rosdo fal l ing in t t e 10®«15® 
class , contelssa 3o E^r cent of tbs t o t a l meaausod vciluca. 
By mC large* t !^ inclinaticm values of crou$&mdD have l)C!en 
aggregated within 5 -^20*^ classes t t u t ccmetitute nearly SO 
psr cent o£ tba bulk [sopilatioQ. 
Humexcue attemits have t^en wmSto in the past t o cussociate 
the inclination o£ exxmabrnQ^Ling with apocific environtnant 
and agent of dei^sition (tlcXee* 19S7«i Jopling, 1963« 1965r 
^ l l« i , 1965a«> 1970f IMbrie and mtchenan, 1965f l^iller im& 
Bynw, 1966i Cairigy, 1970# fUiinecK and Singh, 1973). The 
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v<dlu@3 &nO^ t t e i r QCktiiro o£ diatxributicm indicate s l ight ly 
l€33 eawaxklAC (iyiien» 1970) o£ tt^ Vinahyan aisdiBieats* 
CoDtiououa tXos! of curi^ct io tb3 direction of foz^ssdt <3ip 
izc^iczticn h_-o c^^^^ siae to lew incHnatliX) VQIUGO anC 
C^DoIblo untSai^tonaing onC or^atiol EoMtismahip of crosS" 
bajSiao inclinatioi]it t teiir otsxag profoffKet3 orientofeioa 
to t!x3 otuCiDC C'OaCGtcneo, rafi cc^o cS cccn?rre!ico i::ci::t 
to^ais3o Q pastiasleff GssviEtar- -3t of fercaitJtei C3 Eiot3^ i:i 
cnaas' cxiCtoro rivora (GtSfiaEt, lOOXi AUcr:, 2.9630; E:Dir»cJ: 
cnii nincl^, 1073)., 
yhjcacneao of Cro3^bea<3ina 
Sto cfxtsobaSdlnf; iioits thoutli prcacinont in t t o ctuily 
area* ai'o dispi©!?^. generally ia a s a s t r i c t ^ uificser io t t e 
mEiJ03QC> ^ c t i c ^ 3 of t i » CDClcs. ToQ trougli tyi,-® of CEos^eita 
ura rarely ^K^X^SU^ i:^  t !^ axial sc^t;icms and platiac t ^ ^ 
Qenerallv ucxmr inccan^ete in cn:^3*«sectics»« 'ihua, very 
l l a i t c ^ cnndber €>f tlis tki^asusemanta ol such imitst have beat: 
made as and wbure acvailsb&e. ^1)^  overall variatiem in 
thickfiesa of studieat crusaibeda ranges freset 1 cm to a meidinsn 
of 12S cm. A t o t a l of 100 loeeeureraents £or thicloiess of . 
crosfll>eddixi9 unit a %iere cecoxxSea in Jodhpur Bai^stone 
(Apt^eadix IX). The iaeasurenr>ents haira been ^roupe^i inta 5 cm 
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claQ3 lotexvalf &n<^ i^ottod in t t o £0x81 o£ £x»t^mix:y iper cent 
histograias (Fig* Sb}« Sickness o£ cxDs^b«acling unite 
overages to 19*2 cm* Fm<^ t2Giicy distritrntXcxi ap£»iars almost 
imiKoCal witli t!:© privacy ooO© jDaco»0©a in t t ^ lO-iS cm 
haipf^a in aotecciiitDO tfc© tta^^lisico In generaa anO Clo^ 
eec^ ^B^ iQ part icular (Allca* I963QJ joplin^, i96S# oiujcsje 
est G1»# ID6S)* Eiascnt tejyoatigaticno tijve shiMC thDt t!:® 
oiso o£ tho nigcatoQ ean^ i^ ®?© CetOEsnincs t t o ©sale o£ 
CE03£^ XK3dlEjgo 'Stsi i?iD©<5UGacy cafl ^iotrilxitiOQ o£ t t o thicteosa 
of crossfce^OiiiO in a srostiGal coiiana indicates t t o ijlosioibio 
onvijKsmiBSktj, intoaoity onO canoimt ©f ss^tosnt oupjly ct t t o 
t i ca oS <20i:xj3iti«23 (B«isli# 19S0j Alien, X963aj l?ottor <ss(a 
l^ttijolm* 1963f Klssin, ai970aj G^aott e t al .* 1971)« ^b3 
variation in csus^sad^i^ig thicimess in fern mSoan^amsaB depooits* 
oa^lQ© to <Seci|.iier t t » spa t ia l colatiwiaMp with dun© 
h®icl:t one': tJ© doj^ -th of water (Allen, l S i 3 b ) . 
Tbft riE41« «najc^ s# commcmly associated with a wide range 
of major envliomtenta, occur aa undulations produced by 
the action of wmmm on a nomx>lw8iv» surface of aedtoent. 
Much attention has hmmi focused on laainly two as]^«cta of 
4S 
tho irii^plo tmtim, cm® ie t t ieir tis^ in ^^tercainlng tho 
direction of wsve pcopaQation COKS the otiior iridtided t h a i r 
ralc©o0^ccTcr^^^ ©icnificaisc©, 
'Jto smwrptsolcOT cS rlppl® riorka 4o controlled by tIsQ 
at tho t i c e o2 t l s i r tcrns^tixz:^, Ii^lcaa t!T.t 1^2.7 to 
Cotoimiulag ttso rippte Gsrptolooi; cnfi vcKitorial psopoirtioo, 
ilccliaCo irii;i;2o teficis {t^)g csTzstsi/ cr^ > oirientatinn oS 
Ct:3 oceot* ^ixy l^ o^^ a t;ccD C3ccr£cii cnf c^ n '^^ '^ set''. ctJjcctivcX?/ 
in fcoEaa of oico CiO Core isi tlio grsoco^t cti::^^'. ^Sto oico 
liiis IXK:a CCOCCSLJCCI in ton-^ o£ irii/pao x^C?ic^ -t c:::6 Eir:.->Xo 
^cKigtb, caC t t o eatio ao d i ^ l o iofiOH. ^1:o CorLi, ca t!^ 
ot!x>r t^ onfi, (^liotoo tho cait)in®Q ofEoct of spraretEy, 
osSKiaetrv anO s^tio o£ fcaitht en<2 ffin>^0 l e n ^ b . 
'^to closnificGtion onfi nOT^Hccietuce cf d r p l o maif-.s 
has b«®2i a b i t ccmtrGy^raiQl b*:;catS3® they ocxur in ^ide gtmc^ 
of foriia an^ intsrgri^s gatmx&lXf with each o t t a r , *rb© 
ol:!ape# siace* or^ntat ion* ayn^ietry* a<: pe<;i7ance» association 
and isMre of origin of ttm tXpplan tmm tmmi u t i l ioea as the 
saaia c r i t e r i a fur t!i»ir c lass i f icat ion. Broadly* rippl* 
marks are divid«i€t into three Qroupst 8i^s«<itrical* maymnrntri,-
cal and. interfexetica types. The ayitvietrical ris:^Xe mkxks 
genet all*^ font^  a t vieemii aQitated bottcei in the «A)sence of 
current action (Van straaten, 19S3). The modificationa by 
change in water depth antS current action produces 
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Qs^fmaelts^izal dppSLea tittlcl'* ac® gaaC^ c r i te r ion Cor detexmiH"* 
int} tlie air©€±ic») o£ aarrsiot £lc2w (Evans, 3.943; isi^nan, 
10S€a}. h&e Ggxiss&3m:ang, botb t t e ci£^® tyj^s air® tuw£ul 
to <k)tcsriala^ t t s stero I:fc^ or i ta ta t ion , risl@®yeMrw}t 
Clencticn anC g^oacHpoocffcr- i^io reconstruction. ':^ fte 
ttrD t^o ooG ori^iisot© dsiQ to Scteractioa of curLtsnts onC 
^Kswso. Cte craot© o£ ouch r i g ^ c o fc«icxco trQC32G:i>2£3 for socxs 
0^atGSCa# CI^ iiCX& waSflg'a l e s s r e g u l a r and u n d u l a t o i T -
'ZtD ri£;:?ao nar i^O ccoir fscot Ejrcssln^asstls' oGOooiotcG 
c:itS:i t s ^ ^cxlbcrjr G2mf"9ton© £30^3 coroXy ^ i th t t o iK^jt^ct 
Liiroatcoo* Cte ffiajor gcoop of t t e r i r r l© naxC:9 iocltito 
syu* sjtrixral, osscf.^atrScaZ, tyirSss dbcsor^Btl eta sBlcti»©2.i? ^^11 
prasocvoO sl3a£«K3 wit:iia a Cioia of ri|:i?les. Th® tl i lra, 
iotorf©Kmco typa cS ripplo ceprtsimto a isaaSiCleC oimrl® 
Curm of t t o fcjciaQr rlp^lc®. fiii^ las tcc-ur part icular ly in 
isisa&isin t o £in@ 3anc"3tciie units* o?^ ispi^dar o l r^s t dbamit in 
t t e bosel congiai^ratas ( m i t ^ } . Sa uni t B, gmmralXf tfm 
ripjritts are asur^Mnetrical i» Conts* XiXa thosa formea by 
unidiiriHstianal iMitar £low« tiowawcr, in faw cmtcxoi^a 
aywBiatrical tsrpas ara alao praaant. 3^:1» craata of i»ich 
risi>las ara £raquantly roundad (Plata x« Fi«« K) and eoniaonly 
undylatad anc! avan branohsd (Plata X» FitQ. B). Cn t)ia 
P l a t e X 
3PBC3Mii:*i PHOTOGRAPHS OF RIPTPZE MARKS 
FIG, A Asynsaetrical r ipp le matk shoving rounded, 
p a r a l l e l and e( |uidi9tant c r e s t s with gentlo 
etoso anc ataap l e e shape,1/6 of tho o r ig ina l 
siKO (unit B of Jo^hnur aandstoae, exposed 
in sursagar q u a r r i e s ) . 
FIG, D oyioiiotriccil r inplo Pari: having s l i g h t l y 
f l a t , p a r a l l e l onti branching ccosto (Unit D 
of Joclhj^ur nantistona, eacposcd in Gursagar 
qua r r i e s ) • 
FIG. C Poooil cro3s-r lpplo3 shouing two se ta of 
r i pp l e s showing the f i r s t forssd r ipplos 
u i t h s t r a i g h t and p a r a l l e l craoto and tho 
superiiaposaa r ipplos with undulating and 
branching cses ta (Unit D of Jodhpur 
Saadstono, ossposQd noar Fort a t Jodhpur c i t y ) , 
PLATE X 
0 
H 
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©varuge* fliajlitu^® of r i j p l c s VGrif»s from 0»3C t o e^ast 
3.00 cm onf w^we 3l«5^^ f»j» 3-10 csss. T I ^ tlppioa « i th 
T.te intoctccenco t^ ia o£ cl^ -^ l^oo h.mn atext, curved"-, ccsatlims 
t:^-.t clo3@3 <2C5i;sn«ci2rrcs2t ab- vino Q su^eriEHjxsef ty^is of 
ricj-lo ruttnrno ^^ !!0 ccssta cf feiterferoncc ripi^ar.o eps^r.r 
SEOU 1 « 6 cm t o tmro tfcan 9 oa. 
C!s CE;DCG»ffis:slcs, jprQ3@rws3 In tiodfcE] t o Cln©, 
noCiS^ctoIi/ oortoS CGsGsta::o c£ Goit c, iXlustrato t)yt ooo 
o2 t t o coay cSfScasoat MnOs oS sicp^Io I2ci3«i. Cfero o x a r 
tsoth SQ mmo toactl'J aosQ £ffii;^ itt3«2o. crte:® fcoail rlipplcs 
intOEsoct occh c^ter tiitti oc«3 Qnc»J.Qff CDlatlsnabip t!>Gt 
varfca CSCKJ place t o ploco end to GOC® caaea tliio <3opaittiK> 
machcs to so angle* of 75^» Doth t!s> clpiJl® mts vatt'' io 
aiEi^astois onC oriiKntdttix^a in tte© 8t«3ici€t sandntosittg. 'Etj© 
atrttlQltt cjceatefi f l ra t fojnsea t ipples csccur c>a««rally 
CRJ|«rl»ijoa«cf by tf"*! elppls® nsar.'Qd ^itli imaulatad and 
b«aiicJ«»<^ cx»st» {ilaie x, ri^s. C). siiallar c«p»8-rlpplE?« 
la«mimallJU:k« 1963), anci £noi» tlisatt to tlMi by many woi^ors 
trcm dir£«r@nt places o£ the iforXd (atichsr. 1919| TiMiihofolf 
19S0| Kinaitt, 1917 4i23Ci »HaQi«* 196S}. Tfm cso«a-xippl«s 
axo the «aiBiaj^ 3 of tvro ccntraating sets of different tys® 
o£ ripple Ciarks. Efforts o£ understaru^tDg tbe i r origin 
hfs^m C r o a t s controversy oo ut^thetr tlia t«o seta origioata 
oiimaltoneousiy or «7itt3 ao!!® tisse rap. 
Hl^^ple cjarti© of t3a4t C o£ Jofitipur SaiiGstc©© oStoi^  less 
CGfiilcr CIITJ clii-^cst cre^2catlc ris"ple rat torro Goao luaato 
cssfl liagolGi^S t|rx:; OIGD ccc^ff In t M s tS3i;t oC i3r':Catcuo. 
t:?hD Cosr-or ty::::© 4o cann?os opstreoo on^ - l a t e r a:;o'jfo coaveKity 
lb t t o aoisxJstEeGn, 'Sto ovorlylno Colt D o£ Jodhpur caDsTstcajo 
oJ:c:s3 0p3rcsQic s^EcotPlcsQi r l H ? ^ tic^ioc QlEcst c t ra ic^# 
E?cffa3.1ol cn^ cotiaSoa cir©sto oocociateG t?ith sonsSj' oliaieo, 
^to Gijououo QEsS rbccSjic t H P of ei|:^lo3 QIOO occur la tMo 
Gait* ^'to GwsracP waw3 l&a^h i^aotallv CQDCQO «ptx> 2 cm 
caO tiso rlpiJlo OQS&s o i t t e r iotorgrcfio tiith occb ot l^c witMsa 
t t e afsoirt <3iot©ncQ or dlsaipear. 
r4.ppling KURsly aiipears OJ tlxa ourfaco of ^c^hpur 
Etizctstoue. ^©se occaaic^al ripploa a m s^na^trical in form 
lasojpt in a few outcrops wiTSJoe t!^y aiT©ar faint ly 
asyixiBcttrlcal. 2ho r l i ^ l e ors0ts show iras^ or less stralgtzt* 
s l l ^ l^ ly rcwnOed emC l a te ra l ly attidbparsillel surfaces. 
G<»ier«illy tbe overage w&m length varies frcm 3*13 cm* 
The lenQtb one! t^ei<^ht of the rls^ple marks and t he i r 
ra t io (ripple index) has proved helpful in daci|4iering the 
flow conditions «md the enviroiwrtent of depoaiticm (Tanner* 
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1967). itm amplitiido of ttm atvaQiBQ r ipple V^atks varies 
£rom 0«20«>3«00 as (mrere^ l«60cni) so^ wave Xengtli £rotQ 
1*50-30 cm (eevoro^ iS,7 cm) in Jodhpir sanastone, imd 
t t o ra t io G€ watvo l^m^ih to ompaituae (ripplo in^@x} ranges 
£co3 4,C0«13.C c© (Qverd<^ O.eo ens) Cajsjcndix 211)• tlxs 
Fil^ < s^ib2.G oaolSfoiGi cf ripplo ©a£l:o indicated cincr 
e©02s««5o» ODit B of Jc l^'^ :;:ur CsnCatcn© i s c^^rQCtQri^«3 &y 
t t e r i i : ^o maiSso t^ ifeh feto WSP© icnctts ranging frcsn S-ao era. 
O l i e ^ tecrcaao t^ W!m2 length &o ct>serw?a in cwerl^ico 
CEsit C ©toro i t c^^Q^^^iy rcacPo from 12-20 c®, <WCD «;;t^ 
30 cp io tisD aorsor r i i ^ lo Doslto. ls:^tr.7or. ttricD e;i!!?ca£o 
o <Seo«?QQco fes ^avo lesctli o2 tte) rigspae inaiSie of Ctait D 
QS r^oOti]Bor Genf.otono ^ i th fbo «?swo lestcth ccnc^C ^craa 
3l,3-2»S cm (ovorago 2«Cf) cm). O^f on€ is^n^ clS. t?^ voluos 
oCtoitcday ©liaract©rieo ©(^ csotiG ripplco, Gfca^icc losmr vclues 
than eoliara d i ^ l e a <fdLo«3Jk3 CQ<3 Diictor# 1932? iictixoch, 
19m f T%mn'ho§Blt 1950). 
Flut® Hark and Flute ti^ld 
l lu to loax^a conaist o£ tongi^ ahap&^l, pointed t o 
buJPbous, diacontinuuu3« elongate bolioifs occasionoiXy 
ptXiamtv®A as flute taoltfa aa the underside o£ a bed. The 
ea r l i e r woidmra bave ueed various terms Cor naninQ the»9 
flutes as *lbbate r i l l laarlc* (3hrock« 1948)« •flow aaxk* 
so 
(Eicb, 1950}# *acoar tXngsr* {Bo1mm» 19S3)« *voxteaK casta* 
{mod. and smith* 195S)* "Th© upstream ands of these f lu te 
iisissea as^ear bulbous aeid raeirge gradually « i th the bottora 
tmsi&ca o£ ssditaents in tYm So»ncurrent direct ion. 
C r^verQl claaslficutioQs hsv© teeo pzoposea on th@ 
basis of shape of ttea© flute maeks. f>6centl:if purely 
doscsiriptis^ classif icst ion (Dsol^slii ei^ w^tCTi,196S) 
iiacluiSes four inajor t s ^ a of f lute mBJ^s l i ke lingaMoxm, 
t r iangular or cxmical, olostf^te»eym:2»3trical« and bulbcos. 
T^ho flutes genorGlly occur in ©tasnas onf. flo® ec^octeicm 
pattom i^ l lo Golitary f lutes oro ra re . 2t has been 
©anerallv Qiosoi^^xi& that tho fltstoo fom due t o the 
separatic^ of floi^ frc@ vigorous ediSy currents (eaciEilio, 
1938i Deulynsisi m€ taalton, 1965r Allen, 1966b}. ouch 
{&Q£!:o are confined ^ n e r a l l y to iiiarine tmC oocucarlno shallow 
water @nvirontiant« tsat havo also been reportoS dominGntly 
£rc^ flysch sinSli^nte. 
Xn the study area flute ciarl:s occur generally as 
s l igh t ly elongated forms preserved c^ ths underside of saE^ 
layer dominantly in imit D of Jodhpur sandstone. They vary 
in sl4Be from few centliaeters to 30 €»i in length ai»3 frcsD 
S-lo on in ifidth. The degree of exxsosure of such bulbous 
nasses pemi t s them to be eafUOBined under a detailed plan 
arouxK^ i BhopalQarh and Metrasa. Fev flutes show b i l a t e r a l 
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symmtK!^ while i t i s d>&efnt in oth^r f lu tes . 
Q^rtmst-dt^g Ctsuct»se 
Ctsrirent-ainig stcucttice includes defoxm^, oves^teepened 
im€ avQrtnsnc^ crosfitoaCo cecultcd f ror- tlto r^oectaat^tnpo** 
ranem^^ 'non-tectoDic' <2af onset ion oS «i©t sand layee® &<s^ t o 
tbD action c:!^  current3, Dach ec©G6!:?e*^ 9 sb r j i^3co?.I.ci>-K!nt 
l i^0 folding %«ihec©opoa uotSerlyiao cmO. c^arlyinr; b o ^ am oot 
efCcsJtesTi by such €B€oKz^ti£m (ma Dot^r ai^ Pottijolm, 
1963). I t has he^m osG^ SbcKQ t o t^o^ioaa rscfemisirs l iko 
cjpoQptoo or olumpiao oS ^rao o^ (fiOEsooiting cuixenta ceuseG 
by lowoffioc o£ «iatQr lot?ol oe by lainoi: oostfciipQlso otoc^o 
(Eottijoto e t a l , , 1072 )• Sho csrosritoticnal «5i3plac«si:cot i s 
also succos t^ Qo oae of tts© ccxisoo to r^oSuca deformed 
ccossbedfito^ thstt exjcur (Surin^ or stsortly ttereaftasr 
a&^immtat&mi (dettijotm, 1975 }• 
SiD t!:x3 stu^y asea t h i s 0tJMctu3P© occurs mainly 
assoclitetl with onit u of tTodbj-isir Sa53d8too0« The ov«r-
steepimac: Cocesat |^ l@a®s occasicmally appear oimrtumec^ ane' 
orientcKSl ofposlt© to the upcurr^nt aixsctijsn (Plat© ix. 
Fig* B}* tl.t»y tiiai^lay deCoxmtita snts of planar crosabsas 
as80ciat«irl Qvn«rallv with tha intercalatad sandstcmes and 
sandy shales witb wavy and highly lo&AmQ basas. Th^ 
dofomxad aeta maasurtt upto 1 m in thickntass in »hich ovaro 
tuxninc^ of foraaat i s Qenarallv normal t^- tfm dipping 
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fozesets* th&t i s tta mmaa pBlaecursent direct icm obtained 
fcont tlie cxos^ ^HSsdding aisiiiiutlia. ^ c h cuzx@nt«drag 
0txiictuses notably cxxur in iSRail cxtatsios ot Pichydki* 
SIseJario oud Oonia in t t e doutbaast. 
L'cirtiiiC I4ncatic2i 
;.?«! tesu ::crtfcg ^.fcrjctlcm (CscisrlX, 1.955)e cr prirai::^? 
corsoat linection <ct<^e3, i047), i s cli^iractoristicallF 
Qpp2.&^ to vQxr^ sQ^las foiot Imt Oiotinct Slaga oJLono t!n 
QKLX^TiGQ fccfiCing plcfseo o2 scos thin b©ds2ei3 ©QnfstcoGs* Uto 
CDGI3 diroctica o£ csoin olcmcation ia ecncrallF parollol to 
t t o XiQoaticsio. 2t io chcurestoriEoS by ffiSfpo Qrffcacc<3 i^ s 
G3 en scfcolcn fooliion caitonaattoo with tioJllcas (Allen, 
r.ecentl:^ Alien (rj63a, 1904a)ccHiclu^iK! t!r\t mzch 
QteasitxjXQQ oriciacto in t t o upj^r Clois? mginjo in boaclios 
onc'J r in^r cliannols, antS tKurigootally laminates, t^d^in^; of 
£luvlai s&adn (f^ineCk axiCl nio^h, 1973 }• 
such featuares only cccur asscsclated wit!" the f la t boas 
(U&it B) Of Jodtipur 3ssidstcmo. I'bc l ineations are ©xtrewely 
ram in the intercalated thin shales but occur aaaoclated 
%fith the f la t bttdded contiitQettt at a i l t y nandstones, in a 
cntAmXy aev«loped form ixt the successiv« tmit D of Jodhpur 
Sandstone. 
S3 
i\.:V. <1643b)£or t t e f i r s t tic-o ceccK'nisGsi t l iat Cte 
uEC'eroiSo of. ocnfiotciiie i4C4^ io cx:caslaia3lly t'Cicknc- witTj 
ScGtucc:;, c:;c £ ro^.csct' t!. ^ cic o "crcc^o cor^to" t o tb:n:, 
CictinnaAatr-f by t t o t e fiattoir I&XZQ troucho th^ t cr.n Cos 
Cov c iS l fcc toro t o o Cou craotinotoffo »_i:'J ontcr.^ in Ici^ jfjt:-. 
UL-to o iTotj cn to ro . 
Cha OE-ici^ oC crcctro cciiS;o hao 2.cnc; been en cn^cpo* :^iho 
ir^„.l3^ toe oC t;:;-;^^ GtK2;,-t tilf.:: *>i ci:rrcnto uhter; crif^rc^rr' 
t r n 3es£cco cC c roV.ti.^rv'iZv fin:, t r- ; Ixfctcj: {:-\:e:jf!n, 3.C57)« 
^p,uV€i. rea ia t iy* V*^ LaVt* ,L.,x. J :ni v-ati'^. as a ciaixic tt: 
i:«ala»oci»rr«,'5t tlov? Ji.ssu2.^ T3a5U oiti' nrnt'ers, I952;r '^alton, 
1^65 K !T3w (3.96c) rclatcr . tl^v'ir c r i r l n wit^ t i e tust i ldi t ' -
cu r r en l s . ftewever, sue)-' structuX'^.'S Love algo been rarorte?" 
ttij' tije «on~turbidite aeu.ueTK«;;. \ich r.ur'-s a lso oricli-sata 
r,U€5 tc chonwi in water Icve.l as Ir: J!€«,>?- i la ir i of a r lvor 
S4 
;,r ir: t::-:? iatert ix^^l tlato U-cinec. OHL JizxO'-, 1973; , in 
OGailv -5y .'iwift rcji^rcnt of ci-.rrcnt If^ GO-lnfj bf?hl::ic" t r u l l cs 
2L3 tii 3 ott:£|; csau tlx; c^*-^ -"^ VVTI.O CCC'^C t:o22. :-rr^ccr-ccr. 
CO Gtircic^^ rrcf.roa (rJLoto Jrx, r i^, , ^) c t tl:D toy c'; tl:D 
iTQiocr. c t t!:o bcGO c£ hcfjJinr^ ciaclfcco, Cl:o riT-cco occc3£c::c'.?..ly 
L'occnsro c;,vto noro t!^c:i 20 c::: CD<1 tfcis" Eolikr;^ vuzrico Ore::, c 
Crccti5.cn o£ c iLlliiictor tcj ca c:;c;i co 0 c::. Cc::cr„r.iy cuc^ 
CQoto iroEDly toKnlnoto dDEUiAly but £c^o cut colti t ivoiv 
ot ol^irt dlctcncoo. 
ilu t;!t) or-stECi.Tilv oI\i^ .«1ot; ua tc r ccr^.tticno en c 3m'"lL~x;::t 
aurfac^' ("hirinr t!:::^  : rtxrc.-n ol oinlslnr -:..ter Z'val^ nocr,-.tI^-
Taaay c.iverao Corn c,i ri2.1 v..ur ..'; atxi idcntifi^^f^. sf^e c:-^ " t*~^*' 
are t'JLstinritl^Irjf. as ccciicul, naiiaCariiit, br^jicTiinf, t o n t u r -
ahiijod, capr5')-3K5\T '^"# ttK^tli^-slic;.^ a.*r frlnr-'; r i l l uar » 
(Ceije- iu.t: itainec>, 1970). 
l i e r i ' l s c^nQr^-iHi for' v^ji@n tl-er** ia --. C\>,TVB ix'jr 
atibac^uoiis concitJLw:; tw sjubjiorial comll t icns tJV water dr-.ins 
P l a t a XI 
PHOTOGRAPHS SHOUSIG HXSCSLLAHEOUS 
SEDIMEKVARY STRUCTORliJS 
FIG. A Oounco msdcs showing d i s c a n t i n u o u s xsara l lo l 
rJWgea and sha l low grooves on t h e upper 
beddlnr? su r faco (tJUlt C cf Jcdhpur Sandstone, 
frpr.1 K a t k u r i a ) . 
PIG, D croox^ mar":3 showing g u t t e r l i k e t r o u g h s 
on t h e upper bedd ing surCace (Unit D o£ 
Jcdhrnjr Ganflatono, f ron R a t k u r i c ) . 
FIG, C Divided not worti of polygonal nudcracl:^ on 
t h e d r i e d sur£aco of exjposc^ sandy s h a l e 
(Unit D o£ Jodhpur Sandstone* ex£K>s6d n e a r 
Qhopalgarh) , 
FIG, D s a l t pseudcanorpha shoeing cub ic shopad 
c r y s t a l c a s t s on t h o bedding s u r f a c e o£ 
sandy s h a l e (IMit O of Jodhpur sandstone« 
from R a t k u r i a ) . 
"<! 
"W^ 
f '^ 
a^^' 
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c r t riusi^r iXitEcct tnt:, GkrulX r i l l n t,t aet^fc-^nt. surface, 
ouci: cl^onrpa cccui: o:) r ivo r bccl:s, l ?ou ' r2.-'*^n, onf. 
t l o GCii^ijLit Icyc:: ca ly (rcincc:: cnf. Jiiic*;. 1973 >• 
lQS?Qr i 3 w^iich hoa^Gc ccx:to ceo i;3COcorvt:r to Z::^^Jt j? oi; 
oacnc u i t b thD cuffEcnfc cisfl tor^hiino tfco tx::ttcn Intocr £ttcnt2.v 
a t c leu caf;lo (;:ce:n rnc3 rr.4tti, ICSO). Ltrals^slhi cuC. T,-ait<r; 
(1063) cjJricc" t ! \ . t tt^^y CEO ir'j.TO OL* Icoo cr- ^ t r l c o l 
i.Ci.)i:DODlcao i;rwiicnfi Tsy c^jocto c-rcxi^f cx-ii^Gt tlxn bcttL;:::: 
ciit; r-^-bcaai'-ir!^, anae^iiir, txjlilnf. c G .^.?.lc3:; c'S^-ovo, Seflnf ru t 
en? ctjfXJi-ved uw tir) aoncli'' iatcrcr.lctititJ3 ol uoSI:, tir 
sanCatOK;' (Unit * ' ) , l l ^ s e sr.iall rit'-r^s raic-Q fra»: C»3C--4 c;:: 
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ncn-Diroctic^als 
loa-l i]tn:cz\2TXi 
t^o EcTJcc oiiro o- oc::0. Kc^-^v t t ' z t cr-c^L-iicn cl^ ^Xo o r 
ol.2.tjoto3io« Dicli otEuctcrco GCo c;^ ^" '^- '^^v^:trT~3 tcErn co 
(i'^^lhsoKjt HOOD)* £^tor iraaaFio!:^ cvtt: :zltc.i <3.0G5) 
CoTT-ution ^.cco net Intliccta tho fi lAinc ^- o rrD-or:iot:l:ic 
cczrtt]/ o r "no iC cnt- ftxio tl-^oy do c;,^: Cor:^  "ccoto** a t c i l . 
Cltoy CC'E:,5 i c ro f^ I : ? bui(7^o fee::! o Cot? cil^irT-tQiro t o €ou 
or i en t . . t l cn . 
i.'j KicairCo t o tI:oiir o r i r i a a'.-m^zrcl ^cx^ .^'^ m cc?^ "^ ^ t^ . ' t 
unocu..^ looT JU'if crtioeo c e l t a"i(^i'mit- r^ -ifTori ticxi gi.'^inr: r^co 
t c cnicl-. swc^Ilir.rc en t i r ; ?sn<::rrGlf-5 .^1 a s';r* tr^ "^  C'lttiK:!:, 
ii^a;j :,URnon, 1Q53Q; ''oHiOf cu^: .altcni* 1957j Kii'^ nnn 
txti iEDrtlcw^ lS57f rr^ttij^lai c t clu, I97S), 
envii . j« ent ;i, l:iiL ^ire n-oic. ccsfr^ R-on i.- t'lyach cleixisit'?. 'hs':>-
ate J.-, cord xn»<' ^enersal^v t - ai.-allow ^atet tjoviron <?nit3 
14k© f luvic l w.'ic iutexi-iau* i l ^ t s !.ei»ecK a««;^  Jirach, 1973). 
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Recently alsdlac stcuotiutts haim also bmma x«poi:tQd ttam ehamwl 
bar 8iKSiiiient9 of SsshtMipitra river <Co2«^# 1969). 
xan tba ocee under otody* load stxuctures £cttqti«ntiy ocottr 
an ttm Itsmmr old® o£ aoae e@iidstc»}« Inteccalatlcms resting on 
Gt^2j^ Imes Conito C &a(l D) of «To{Slipur sai^stone. m the ca3t<.ict 
csf tis© ijeCa epQCieaiy ^tero fBCissive 34sn<2stona bed© overlie t l» 
olia2«i« such 4^ Ki31iRgs are ^o31->psesesve<l. T^lseis' rmt^ ^ 
Cii^^tor £ra:3 ^t? osotli^tors to €®v deoimetars* 
CoQVoitsto h®QCiBg i& tm «iiig(i^tio dofonaatioi^ oe^li-
ii^staev 8trQei^ t2r@ chac^oterl^Qd by th^ croi^pliD^ or ooss^eje 
typ@ o£ £o3^in^ in the laminae within th® bed «;ith g^neroliF 
broad oiWRt trou^^ of^ close crests (Eaocaien* 19S3a9 IRotter 
and Fettijohn* 1963}. Ttm stcuctnr® i® also tsosEtod os 
"coivoluts ljsaination"« "orinklsd bedding"* "slip bedding", 
"oarlsd bsddino** eoC <*intra»sttatal contoxtion*. Gocnrolttte 
bedding ^sne^ally develops in fine grain non«cof)eaive sssda 
and s i l tv sends* 
several explsnstlons Imve been |»ropos«d rsQsrdinf; the 
origin at this type of bedding but muse ers nlKilly sstlsfsctory 
(senders* 19<0# I^sulynski sod anith, 1963). The hydrsplestic 
sedlnisnts yield convolutioos diMi to dilfCexentiiiX piessure by 
the current £loi#inq over ri iples (Kaeiien, 19$3ei MCKSMI endi 
oeldberg* 1969}. mterstratel £low o£ l i ^ i £ i e d layers 6um 
Si. 
V.z c i l fcrent ial 2iruofi:nti'.,'i alao ; r ,<-Uf-a3 cutv ,2r: f^  
cr.tL' crv i-.vc-ri' t^^^o ;.l felt n i;i tM-t tfwci^ rrcnr^ j €^tc«c Coo 
(::cr:Cac3, 2.CG3). 
crr.t.i'-r, bi:t II2D a2co bcca coi^cCGf Cnc:/ CI.:-viatile and 
£. -; '-'rl- J.'': .^ r;;v£.7r- r .r-.t3 {rjr::jc:% 2.0G5) • :rc:-r-t2.i- c;, Ts-clLitoCi 
t!^.t tt X'- <jiA it antlclir: , .a crf*.jt3. ?ie ctjitvwlutiwtn "'SCA- -' 
a tructuzos IJ) t.!-:«? unxt tl'^.1 JLT.'ic-ates t! n l r ro2ati,^',3hi^ 
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mjQ ccacka 
Hud or&oikB dev»lfOp« tsai^iv ^ £lJ30 olov-like cobasiire 
matorial <2t30 to shcii^cage ojod 2o39 of loatec* in ths> focm oi^  
^vMed £^}t«ro]^ c€ poly^^Kool £R2r£ac»s. li^ tei^ ^ oc® also 
tcsroe C3 «ssm CJTQO::©", '•daslccatAoD cr®cl:8*» en^ «»3tUEiiJkagB 
ocadsa®. Ccj^esttxilonQ, Q iKst cf;-E5K!l CCSK&Q d€«^2©psi in to 
voiriouaai? c«cim^ coimsfi sM^m ^hzh <3ivi«^s t!ie; sotSiiEcsst 
crucfoca Into iceogolar ek^etoced poiyoooal axmoum m 
trorsvorao aectic^ tbos© psi^^ons Q|:pocr ii^® Q y-shapaS 
b@octos, r iver ohaaQoiotfloo^ ^oins or io tho l@ke3 on(3 
IcgooD® wt^ro tha ^ino C(^ t@3iT;o t s ^ c!xi<2 io at tr ibuted t o 
CBBicceitiaa or shciQ^ge d^EO t o i033 of ^-atar (Burst« 1065 )• 
imeor^fater shriokagi craclia oldo develop in cectain SE^ciCic 
contritions immnmit 1963, 1P65 ona OanQoarea, e t al.« 1964) 
but awmxc ceMtivttl^f l&as Cmv@lop&& and narrow than ths 
siibeorial mtd craclca* 
U't)@ pentegocal t o reotoogular ma& crac^ia occur in ttm 
iritei:caliiitda sb^lea (IJnit D} o£ Jodbpar S«Dtlst(a»«, mttaaur^ 
ing 2S-30 a^ In cross tMCtlon (Pliit« XZ» Fi^. C). 
sa l t rsAudocRoxi^ 
The cryatcas ot aiaXt undflrr fnvcairalbltt cooditlcma groif 
m 
(;£ t;i«cl-:^:. cr^o^.^l^ L^tast Crl>r<x::-, I 9 4 t ) , ^-^.tiT fiiair.f s 
, » w - ' K , 
t^lLc^i. Gc::5!:^ oo t;l £.c:; ceo cotJiX.':xi i'^t:"'Zy izcir Cit'^o {r"c:s:;"i,Cs 
WCZi)* Ccccr^t ct;c:fi&oo tic%?o r^ 'j:^ '*^ 'Gt.i C>3t; ccilt :ccr^'"c:::scrI"-o 
C2.CO Cc::2r.' k.\ ot'^2^v;« 4:jtcr>r4ttc:itb Cllc^^ a2CC3 L'^ r^ x^ o Co 
col>otcatila2. ra in CaM. t?iCitic .^t: c-'E^^^cncn cC ca ar;2^, 
a^ZCi J;ott&jc^^^ r .7n ; r-inra^-ru 1970:. 
nr~ 'i3.t>3jrla Ir tc.ir^rit : . r t c/." verier^atf. < .ir . :;rQwa 
cuixjfs I i".te iroci i~ l r M. Ix; t'lnionaiu- a {llf.te M^ .-'Ic?, » ) , 
r-uro vi.r» If c« j:,ula LJOJ havi a tK-se i.aeu^'.„r.v£, lis f ^ r ;; 
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ItGlt : : ioro c:i(-. A'Aoathl, l9Q2at rct lrur, 1065b) . 
0 Cv,unc* •cocliL'-^ntcs:; 
lu '^V**^-*'-***- •V" ' '>.^<i* ***>•-«» 3 
tocrt^-alc c~i: ont^aotrj cclcjin, trit^. a t:!^:^ v a r i e t y of c txiP 
incont cctliirraco has provoO tl:^t otECLutci^too Corn 
otcr .wtwli tGj Ijcccil c:- tcc:.:ctrto Cor, 3 o':r c^^ '^^ '^ -s^ '^" cr,:. 'tb 
tt^roQ CP"--cro2. cpc:.-'^ric ctnTCtrroo (1) r. t;c r^j.X.l-. linkci: 
'. Ir:: Cotr.iXa"^ stutly cf tlr- c^r!-:,rMit<i roc* n in trc* stm'v 
3l803, rpviiea an* 9eoirietxr\ .^t c, nuri-Jjc^ r ul j..laces Ilk® 
Dban«ii.ag. fCit-oTj ors'. ^a raa r . "^haae a t r t* f^ te l i t es sii.v«.-».'.r i.iainl\ 
asaocjLAec will W^Q Jotj-Sivr J.L-u jtone (I'nit 3 f^« '-^  anr " ) . 
TIK2 i«<acr..-larriinae of l!.-» gtror*-.tolite3 ranoea in thic'-noss 
Pla te XII 
OUTCROP PHOTOGRAPHS OP STROK/»TQLITB 
PIG, A ShD surfaco expression of spharoldal lamina-
t i o n s of s t ro ica to l i tas In do lon l t l c cl')orty 
Ilmostono (unit C o£ Jodl^yur LlQ>eatono« 
oxposed near t l a r sa r ) . 
PIO, D s t r a n a t o l l t e o shewing disrupted, weathered 
iGrainao in tho aj£posa2 port ion of a r g i l l a -
ceous llmestcme (imit h o£ Jodhpur Llmastone, 
OKposed near Dhanapc^)« 
PIATE X I I 
•a 
frcn l<->30 » » and mppmAtm to \>m arangvd in hMid-lDMi 
Iat«rally link«d and isolat«d concvntrlc stacks (Plata 
XZZ, Pl9. A ) . Ttie stcon&tolitas generally vary in s i s * 
froai 9*30 en in hai^it and diafMitar. Thay also appear aa 
disrupted, weatb^xed laninae on the exposed bed surface 
of Unit C of Jodhpur Uaestooe (Plate XXX, Fi«. B) . 
Tha ralationahip of Qsoswit.ric forma with sea l eve l 
and envircMURontal significance of theae s tronatol i tes i s 
disoassed elsewhere in d e t a i l s . The alcwl structures 
reported fron the study area bear an environiReRtal s ign i -
ficance in the unfossilifercHis dolonit ie and charty 
l inestooes of western Rajasthan. such structures haEve 
bsKt reported frcn tline to tlSMi from Vindhyan l inestones 
(Ma l^atr* e t a l . , l»98f Misra and Mrasthi« 1903r Raja 
Rao and MahaJ«n« 19fi5i Rajalu and Gowda* 1966| aen# 
19Mf KhUnitfsi, 19«0i Valdiya, I9«Bi Bhardwej, 1970i 
nashiiBi and Ghaiuri, 19721 BanMn* 197Sy nmmi, 1978 r 
Prasad and Riasw—y, 1978; srivastava. 1978 )• 
Tha tracks, t r a i l s and burrows preserved on the sedlsient 
surfaces or in sections are very cosanon in soaie sediwsntary 
sequences, auch structures provide a tangible evid«ace of 
the psssence of l i f e during that period and also y ie ld 
in£oxi(iation regarding the t o x i c i t y of bottom waters . Such 
Coaails are important in palaeontology because tbey gene r a l l y 
e x i s t over a long time range« autochthonous in nature and 
u s e f u l in depict ing the poss ib l e environinant in which thaoe 
organisms survived in the past (l^antsschel, 1962; Taylor, 
1967; Venna and Prasad, 1968; Glaessner, 1969; Crimes, 
1970; Chaisbttrlain. 1971; Frey. 1971; Howard, 1972; 
Banerjee and Narain, 1976) . 
In the study area sporadic occurrence of tube<>like 
* f o s s i l texture f igurat lva ' (bioterbatlon s tructure of 
f e a s i b l e s l s e ) \uia been reported frorf> Jodh|:ur dandstono 
(unit B) around sursagar quarr ies . The feature preserved 
on the surface of sandstone i s large enough t o be reco^i ised 
as surface Itidensspuren. They are gent ly t o broadly 
sinuous, non-annulate« t u b e - l i k e , s l i g h t l y raised and 
possess s l i g h t ccxivexity uj^ on the sediment l a y e r . The 
l arges t istprint of t \ ibe - l ike t races i s 3 csi th ick and 
ne«8urable as nuch as 2 .10 m in length (Plate XZXI. F ig . A ) . 
The other tubes of s l i g h t l y smal ler dimenaicHnts a l s o occur 
with the bigger one measuring 2 cm thick and 35cm in length 
(Plate XIIZ, F ig . B) . The dimension of lebensspuren i s of 
s p e c i a l mention, for such large t r e e e s heve not apparently 
been reported e a r l i e r in the h i s tory of f o s s i l f inds in 
Vlndhyan rocks. The sporadic traces occur exposed on ths 
surface of sandstone bed though wherever they occur, become 
Plate XXZZ 
SPBCXMBN PHOrOGRAPKS OF L£BENSSFUR£N 
FIG. A Labensspuren on the upper surface of sandstone 
b«d. Note the non-annulated, broadly sinuous, 
t t ibe- l ike body with node at one, and tapper-
Ing at the other end (unit B of Jodhpur 
Sandstone, exposed at sursagar q u a r r i e s ) . 
FIG. B Lsbensspuzen of r e l a t i v e l y smal ler dimension. 
Note the pecu l l er l ikenes s t o snake with 
node at one, and tapperln^ at the other end 
(Unit B of Jodhpur Sandstcme, exposed at 
sursagar q u a r r i e s ) . 
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5:'"0 tt> c noTo c t oca CT.I" tiiii-orlr.^ at t\j: ctlr^n, 
<1) rGOtisic t r ccco , (j;) csrc-jltofi t rccoo, (3) becb-oinic 
-'"• v.,.,:^\;r3 CiCCicuit t o cla.03CS.'j t /csr; tcccoo lx:cctico 
cl^iSzir tiToCcn ccn tjo psciuccC by c^ii;Cerent crsiraJo, UtL* 
Ctrl'i,',:c3 t rccoc vozir cEoGG2.y cciGcr::^ ? ;^ t o «Cc .^fcichii» 
(Ccciliiii troAlo) (r:x:42ch3r, 1CG€D), Gii..ilar oyotcc,^t£c 
foctlin^ t r a i l o o£ c o i i i o r dfccnoione tvjco ^con Eoj?3irtc5 
frtx: unfioroiCo o£ o flyccJii £>c^  (rottijc!:33 o t e l . , 1072). 
^In CdsvcHity o£ tCQilo en tl^a cc^lir'-nt aar^a:^ r2V.cx;c3 
ttrj r-^Goiijiiiti; sS t t n s o t r a i l c t c ca?.r. t!.::. iisai:lip.{-, 
o£ '.i^st-'-ir. J a'jaat' 01; ec rZ ic r ( l a '..ouc'-f, 1' C2? Vretlf^r.l'un , 
i90C) ut !5aiiii cir;: Csia ii". tl^o uoiciijOurh%?^*- t-i JadViur, 
' Iv. T.riX>a iouailii wic Lt ).x::xo a helpfi^i l o c i in det«jnriniM*u 
tt a jBl^tiVH age of \'"lxitibYv.n n.Cf;a» t^^aalljl*?! palaoo-
anvlxt^!iK.ent anci procs'jpeaaive cTi^ iHges In water def-th 
ssei lacb^r , 1967), iiowever, biolocjiical a iLioi l t ies anr 
P«ilaeoer4virom.<enta3 alc,i:ilic.'ti,nce ^1 t i eae tr^ice fo s s i l s 
la ac uncertciii tha t tb-' de td i leo d«»criptioi of environmental 
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GiOCcL..tMr:r. c-Si'- G:^'c:^J2,t teruioco, rcwovec, tr:o ca4o 
cZit.i:j3 £n Cvituro a&rZJt ccvcol roro dccicctsic Cocoilo 
Crcri t t ' io ccoo» 
c]^a:7tcr zzz 
<r,Gt:r;i:ji:r} tI.o rJOiiLCctt-o cnQ cucntitati 'vO ott::::iioo f^ or tir:; 
t : c c^c2t;ric h is tory of Vici^liycn dot-coito. '^^^ otuCy t:co 
usT'. tiilo^onctii; Cccturco uaCor the ritococco.o. i*2^;cvoc, ttrj 
CG::;:K^c4tii,ra?JLj; a2i,OE=utuz-o otii€io;l nc::::c:otc:::2'-!o c!-,,:. l l t t L o 
^iitcjT'^ 'nc; v-o tvxilc^i!..\iti t ^ ^ t nrrrcrc;;: cC A-:r.o ui^i f.t.r t ' .c 
l^tr .r^rotrt i ' . - ' oi. TA-^^t;ic::^o2 cot n '• CB t!^ '*; CLT.ts:..r<; t!ro 
Jixlit^'j tr5.!,:-r .-:,. atiiix;tJjrc <:•'. t ! ^ c^ r^"~tx: U; r i c r c l . r l <? 
'. hj cvcirer-l f t r ' V. J hit: nt;z v cr.;r> c»!t t \ t » Ce.t T h'v t^ f^  
c*'-lr '•»'-'Iu'ic- hiijt .,Ky ii.* r»»2 t«-»!^u!l^ wit: t\v • re-
exio.tis:*' rov y. 
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le t rocrct i iy oil jant'stonrjs 
tf.tttui^o 1)^19-0 I^ tecn riiCo I'l t;!3 ^-cct t c I'-itiart-^^- ^^-' 
cr^" r,^  j : ; i c3 ciif^ ^ ^jcliinc of. t > j C'jCirilccr. rrv-i*L.:n. l^tro^.ra; !:ic 
Gti:t I cd cci-'CGtcrteo fc^olvcf. tbr: cGGQasrxa^t cS f t^^iir tci.rf:iiraX 
race:::* 
L'itti a vicu t o uicccrtcto t i r j es^in oi ro nc^rcrrtcr'; ;r:'" t!\':ir: 
u l ::;tiit>^, the j .c j t iriXic-iJ.'U,; ixit^Kt" l-.}/ : rleeu^an (1V5I') «,'^ 3 
:(„!: i.L '^ aafit.stones uac^er atuc'v. 
3Ui erwati te -jarK'stai© w>iB net joiisii-'le without gxain 
fracture* Jtence, t o avoJU t * i 3 , th in sect ion analygis for 
Mgcret;d;te cr.-ixi was aijli>x. witl t!x= cisauRiplion tha t thesfi 
(..rains b-vji- ^ rc la l ic j . j l - i . wit 1- tl'c aieve- a i r e e<^ivalenta« 
6r 
'. lii cJEialysic \^ao cade h^ uieaaurin^ tl:o lenr1:h cC laapgast 
iiitercoiii o£ quartt: grains tfitt: tha Isol:? cf oi42r;xcter eyo 
piQ<ro cm rsm^oin tr^-veraes in oach tliin s l i c e d tlx) 
Gcnf-otcno. ::oGrly 10C».200 graliso tsDzo coanteC isGinr; 
Clicfon* (1049) ipoint ccamtinc fecchsslrijo, l2otr i tol ctiGrtn 
ccnvertod t o hol f - j ;^! cloaooo Moines ccnvcroioD t t l j lo 
p^jiiohcO by iQCp (1955). ^Jto i i o t (ikirtsnai^ V) shcr.-o 
cr^i:^ oicQ Cota o£ oach occplo cK2uroi3 in bolfT-ipM cloocoo, 
A ccr;:;ooito hiotoc^tin (l?Ag. 9A) t;oo psor^rcafl cm ttej baoio 
o- ccoi^ecctaa (^sain oico Ccto t o toprooont tho avorGCO 
cccricnlcol csxspooltion o£ otusliDCl ocrifiotor.on • oieco 
e^ivalcKJto o£ variouo i:®EGcnti,loo (i^ ^ t^^ xncllu r\7) wore 
CotcuciiiiiC cm'. : lot tet3 in tlio fen.' of cuculctiv-^ curvoo on 
t t o rric*fiB^ i^^ »o (195B) qrai^T caa hiotccr».ir;3 ( I ' ics . 6 ,7 ,G). 
'. f£i varJtei^G alzQ <2 i3 t r i ^ t i on , cijrarr'etars liLzQ u&sn, 
PK^ ant luetilfau were detormlacG b ^ eij-ployinr nun^eric i.ls# 
Iho Cun.i or sha i^ of tliii siif© f3iQtributitT*j was aieclT.io'? by 
ewjrtlnt,, skewness unt. kurtj.313. 'ilie a t t ; t i : i t ic : i l inca-«aru 
U30t; for £?tiCi sacRylu (Appendix 7) in ttis j reacsnt study waa 
based on tho j.t*raar4»ter ? proxxuao^ by Zttwau (1952 j , modifierl 
l a t e r by FaU ont ;«rc' (1957) c\nt^  Talk (196t 5, The s i ze 
frB<\K3ncy cbci rac tor is t ics ol a«imi l a s are suBR.erisEOO in 
2 0 3 0 4 0 ^C>-*SS<^EMTMO'*>* > ' " * C * * - ' 
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FIG. 6 CUMULATIVE CURVES AND HISTOGRAMS SHOWING SIZE 
COMPOSITION OF JODHPUR SANDSTONE 
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FIG. T CUMULATIVE CURVES AND HISTOGRAMS SHOWING SIZE 
COMPOSITION OF JODHPUR SANDSTONE. 
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'Akzc^o tlx5 orOQ hao o e lncio coa^Qtcno Cortnctlcn, tlto 
tosttiircl cnaivsio oC 3c Grxr^lco ^i.:o cbtalncO. Cc-r crair. alsKJ 
fsiolroln. Cut oC thoso 30 GCX^-IC^, 20 pooccno un£nQt,-l OIT^Q 
OiotrlbutAcaa in uMch coCal c lcco contoino 20.5-46»0 L-^ JP 
cocit (crz-^ sr^ cP 33.25 L—n* ccr:^) oC tl^o c ^ o Cctc« Cnl^ orto 
ocs^ * ILc or^w3 b^ssodo::. <Q4cti:£rjit4c:j c::'^ coaitaixis 32,0 tX5r cent 
ol' Qico <2atQ, *Sho c^^zQcato (3iotrlI:aaticD io tiBto^^cl cnC 
t t r ; csxiQl clcoa ii-co in 2-3 cl^coo (CiriO cunC) GI:^- ccatclsio 
^4,C :.er cent o* tir) ccc^ccc^^ o i ro <3ata. Clx) Ci3tril:;i5^ica 
fioo easM3 with prcsaaDlaenco o€ f iner cxitGrial (Fig.9A). 
Vito rroi^hic crscn c ico (£•:„) of var icco oinoo ccncGO €rca 
l»<&0»2»910 (jmcllro t o vorj,r Cino ocnt") bttt &^  c a j o r i t v of 
tt:o Gcr./.lP3 (10) i t £*cl3.o t^-ithin t t o Ciito scnT l iEsi ts . 'Jto 
iciclosivo crephlc otejcaZarG <2ovi£\tioD (cr^) rrasiss fron 
C«.37»»l«51jU cncl an tho b a a i j of t t e s o values i-C3t cl' the 
acr-plos <17) are saif. t o :ts : cCeratoly ymlt sosXcC, wliils 
(7) ore well sortcfJ, (4) aro t3cCnr^.teiv scsrtt^i" cjnC reitsaialnr 
fQw <2> ore ptx>riy Si>rt«. , *?!•**, vcXuea o l Incltjsivo rrsnt t ic 
o;.€R«K2a3 ( .ac-j^ ) rdn^<23 irciir. 4« C.044 t o - C . ^ one: ti^a© 
values ind i fa te a Ixitge numt^er oi sau.iles (IC) fixualy akmmcl 
wteroos (9) are stronc^ly akew(iO\ (6) are near ly aypif e t r i c ^ I 
while (2) are coaraalv okewes<i vinn r e s t (3) aCf. atrcmclv 
O S Q N n O b A a 3 A 
oaoNnoa 
oaoNnodens 
dVinON vans 
av inONV 
aw inoNV AdSA 
o 
o 
1/) < 
< Q: 
in < ' — ' • — ' • — I 
0 £ 
0 Z 
0 I 
0 0 
O N V S 3 N I J A a 3 A 
ONWS 3 N U 
ON VS W n i 0 3 W 
ONWS 3 S a V 0 3 
1/1 
z 
o 
z 
o 
a: 
z 
o 
I/) 
o 
a. 
z 
o 
o 
o 
LU 
z 
H O 
< •-
^ 1/1 
ai a: 
O D 
< a 
DC X 
UJ Q 
^° 
I 
O U-
z o 
X ^ 
s: < 
< oc 
tl 
•- ':; 1/) < 
Si 
lN33a3d ADNSnlDSaj 
70 
t o rxuln Bimi dioTc-ctoriotico 
—i»l 1 * J * i ..•-.n^JJlt. 
rj^ F-Tor of: oet^lco 2D i 
ra2£i»rM Cicccco a.C«-i.O 3.»£)-2«0 2«r«2«0 n.5«S,C 3oO"3*5 
LroCJ^Jicy n 20-BS 25-30 3C-35 35-40 '^C-CO 4D-C0 
n3,c5 cc:::^lco i 0 7 7 C 2 
t ^ f - r ^ i claoo 2.»C-IeS i«3-2eO 2«C-2.S 2 .0-3 ,0 
E:r.?^ .}2v?> cr,r4';ii:: c^rrs/^r^ jrrv's^c&o:: icr^) 
CiCGticij ncolD '^^ "^ ^ cws.i,cti ^^ 3^i^  nort^c^ oortct. cortcta 
^^Tf?- .^ '-^'^ 0.35-0.50 0.00-0.72 0.71-^.0 X.C«B.O 
7 17 4 2 
£3/-: at ion fine?" .'H.ewet" r^.r-et" r^.e^^aa coarse -
3'-, l i u i t s '!l.OC t u 4C«3Cto 4 r . l 0 tQ - C l C t u -f.3L' t c 
r.3r c.ic ^f.io -(.3t: -i .ro 
:»o.<-t adpn.. 1"£ 9 10 6 2 3 
ficatlori k u r t l c 
K^  lliBita a.67-G.Sr C.90-1.11 I» i l - l , 5 r . 1.5C~3,CC 
^o•ot s^su I'SH 3 14 8 3 
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coarsely ^2'«Ki<3. *:.hQ crailiic: l a r t o s i s (KG) V^^IUJS rasig® 
£ra j 0«3£:«»2«2^ in Khich cxjat cC t:-.c canplcs (14) aso 
iiKJsc-'kurtlc, (C) Qxo iGiitc^urtix:, <B) arc L-lots^irt ic ca' 
o i 2.cao «oo te cc^jortolnlaci tho L-lcjuoSblo <2iatcr.a3, dircoticsa 
(roti t l jc^n, 1975 )• C:Q jx:i::c::::3oo i?~i tr~n n^c^-clc^': c,u r tr> 
c^iEci? grcn en ccri ioir opdcfJt!o o£: t rcmaror t . 
Cotcrrri^cC rrC tc^. '?rtcil i-a t l r ; o:::^ : cZrnncn cC .c%:c?ri COS.") 
otiaiip, ('-istiSac^ u i t l i n c o (<paorv^lIv ii:4ir"-^' Ijy t1 a t!^l'i 
c c c t i r ^ r f iron <^i£?e) r o m r:?r,ivr:rx" 1'^  ocdt thir :^>^thy-
t o pfijvc t l ' ) i,4.tc»t:tL:iIltj, <..f c ccai^ik ^r ' 'siJ ' .-sic. .J^ x«..< r.ce-
HicKie a t o regular intcxval t y c w p r v^ddcr ^irtt^ in '^.ch t h in 
aactio}". (chayes, 1949 K Tlie sjreat-* ui c?r«i a ir- s i x clftasea 
frof.i •*\nBrj angular** t c **wal3 roondeci*' way tarnilutm' an*5 
aveta<o ^raln roundnt-ias disfldycsc: ir/it'* i ! e l*»lj. of." n composite 
hiBt(^gtm>. The camp^^tiaor. tf.ru.c!- }-tsw@ns' char t i s l i e M e t u 
72 
cj/isic i?r,jl)lc Oiora to r ' s b i a 3 , iSDwci^ -cr, t!'^ i tst: QJ" !X>1' O 
£.;i2ch r^xiuiGO c::ti it; <2coo tic^o t i n £x?Gj£:>il-ity of tjuicl: 
i:;afel.% I.D35| D2c::ol cr:£3 ^feyior, 1937/ ::rj::^:xjir., iQ4Ji? 
r s t t i j o l m , 2.0D7a). 
C-xiEtn {:co4^3 V2D rzCo £ : tl-o cczCztUH^, a^::\. T.ca. C;:r3 c.\.':tj: 
CCD:;1GO sor^rccont o tini:::xt:Qa flAotjrlSjtiticj:, 1::^ '^  r-^jcriti? c.C 
th3 os'oiE^o 2.iLo to crJh^zar^oC cicoo, t l n n , caitcl:^ c c f c l 
c.V,c:5 tef^) i t u i t h the cocc:!^ hiO^^ct rajcxrat!/ (;C t l r : CToln 
fret: C.34 (ouo-eiiC^lGr) t o O.SCr (rcunCrKT,) ax" (?v©rvc/jy t o 
0«<'€ (sul?«-n;iir!£Gr,)« F ig . OD) ^: tt^oQUto ti unic.o,"-.1 T i c t x i -
c;.utcJLi!3 53.C ; f»r e-.it. cf; tl.o tctfi l .^ r^ rt'Ccilf v. luus irt 
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OGtiiro cf paieofloij , ' i to stuCicd quar t s crulnQ ^ n e r a l l y 
alisw s l i c t t oloacat lon thu3, r a t l c a o t I ca r t o short cxca 
of ut loc3t 100 such f rc lns In ccch tli4n s l i c e witl" t ^e 
liol: cl' talcrcn'ofecir G J ^ piece uor^ trraourcc! (eotoi.a, 1S52)» 
At tJcccTQ nocaoGory tbsrofoso, t o Golcct aarvo ton cmcsf tbo 
c^jjrtii cs'oiao cit!^ c i c i r ask:. rtD cnalrsc:^ cC r ^ t i s c t;:)j:j 
C r o u ; ^ e'ithin fcho aoto c£ ay::." otcXCc-IIy sx:scc6 rXlJL ^ 
tIrD clcosoo tJith en in torco i oC 2,2 ficr c s^ra i rca eocst^e cC 
Mr:ic4oian, Tto oproc£} o£ a s t r i t c l ruo.ctc c^cino iiJ o ic^ t 
clcocCD '^QO tcS>«lctcC cnt! tho C5t3rcC3 oionr;at^':i crctlo 
fiioplayc^ t?ith tho tolp oS a ccs:jtio4to h i c t c c r c a . Ccczsp tlcta 
of olcncGticn r c t i o of 2S OOO-^ -JICD £or ol'icrxs cttitiv la c^^^i^ 
in APr^ ontDte VX» i^TO carpcolto dote ol-^ ct? olrxiot o tmlnx^'cl 
eioiciaticr, r c t i o ho^inc cjoCal clcoo in 1,0-1.2 t?ith 27 
I.:i: cuat oS voluco. Sy cn«.l i a r^o , tVo unixn r.l freruc^cy 
C'Actrii3titicn of d o t r i t u l n i c r tn C2?viina fcjsseoseo reletivt^ly 
QFidsJLl ra t ioo cn6 only 12 ".ur cent orci^is a", ov oionf aticr. 
r<r»titi;s Itirt e r t t a o l.C Cl'li*. 9 c ) , 
rw.'al Cowvi^osition 
ihe ttti<antltative ircx'al <2J:aXy3i3 ot tl-.in aoctlon acjmj,lcs 
ut stt riy w»tea includea t^a st i cy nf d e t r i t a l tr.in'era.la ant 
t r « i r OitJLccil j^r^-iortle^ lix r a r t i c L-r emu ol authlganJLc 
cerriejiitInt^ - Pator l t i l In Qenercil. Jor^hjur aandatona dia^lay 
rea t r i c t ed coriijpoaitXoa wti lo carbon^t^ roc^s SIKW al iQhtly 
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C::ji( ,^-:« PirtJt, i t ti;:30 (fooir'i'i Co cc!:^ :i:xrt; t t o orz-r—^ ^^^ -
t!",) G. ."^-3tc:to C!2ii t ':o CGS; cijk::::^ ::^  Cw£j^, '.t^ o ccr;: r?# c r ^ r " : 
C;j be CDcac2cC co i:cpr£2ocntct^vo con r.e c t r :7-;':;!:r32o a e r i a l l y 
<s:tciUi"G-i3 tetcr^ol. c cc scdy , i c ti^o c2cc Ct;,'5iEn{Q t o ccI^V^trt 
n^Lt4,-^lc Gar:.>lc3 c t G ncoaitolo o:;G-.?/^^ l:^.tocvu2. ictc-:^r.r.v 
,-»:. t^sticcX^l/ t-j c jc lua to c to t7Gr5.cDi21ty. rjttcrr,,t3 t,tjrti> 
Cil:x> cz£.o. t© ic torcolo to t tw o&^ty oe^iOctcria o:ic c^ -Qk3 
&~j::.S=2c3 ^.r^tlcii, t:;,tx:t/-or, C3f2.cctcfl oafGtivo i:orrjlt:o Cvx3 t o 
GsCrcro f:iAienc\i3. Etjfet cci^ot c^^cl ir:ici2.T73iG t^ f; th in 
t ^ - i r volui\Dtcic ?;rctx>rtlca c l t i r ; iX^c~..I ccnatitiicnt'Se 
The 3i=ectr»-', ci vultr B t r i c LX--'..rtXs^. -A vurii^'^n 
d«itri.i^l constitiitfnt^ ^03 C3tC:>li3lyX'. I ron :.Oi»J t^rin iSO 
thl.: sQctioii atacUea ct 3«sm"star.o stampli^i^ out ^^ 1 wltlcV 
vulu: ©t r ie itk./ til c tmiosl t ioi . c:l 92 ni^ ^ jKssnt^i-.ivB s i^r^ ii^ los 
froc! *3ool»£--ur ,-5ai<r-atut.e i s giver- in "lablc 6 , \'}^ !;i*Q!'ie3t 
(^ -^R?© oi maturity at saiiujrt-anos i s ogtiiblisteC"-' by quaria 
whicb ton^a ifiuic? th^ai 90 v^ic v^r.t f.A tl«? bul>. vulu«*»t i«^lle 
f«la{^irs being low«st ci.4 a t l t u t e f -3 mr r©iit o l JP&ck by 
76 
P ft 
O 
1 
!> 
8 
• J l 
u 
% I 
^ , 
. •«$» ffi 
o 
e 
U' 
.^,s 
M 
*3 
*4 49 
o 
^ 
A 
ff-H 
o a 5 
_ 3 « 
poo i» 
wi ^ 
Q 
O 
sn 
' ^ 
en 
N 
8 
Q r» o c; (; D () o Q o Q a n 
0^ O O Ci O Ci Ci O O ;>^  O O O 
o 
P3 W 
« • 
o o 
Q O <? 
o o *^  
o ^ ' o o t n o o w o 
U O Q O C.J O tn U O 
I I I I t "* I t ( I I ( t 
O <> <• CM '3* c; o o '^ . - o in f^  m 
• • • • • • • • • • • • • • 
«i«3 rj tj) n r<s o «^ O H u r: u H -.-i 
H <^ ** m a) 
77 
U tJ O O O 
cs • • • • » 
i-i CI « O H 
V u >^ c« o C9 c*: C3 o l> o u r : o 
C 
C3 n 
0 • 
o o "O o « r-3 o o o t; o m p< 
• • • 
O U 'C 
o D c) tj c^  r> r . o 'O n p o o u o o o 
o u Li 01 o t.1 o o Ci o o o rri Si o Q O 
• • l i t « * * • • • * • • • « « • « 
C O 0 0 < » ' ) C O t ! C C O O f - 3 0 0 C 
O • • • • • • • • • • • • • • • • • 9 « 
O 0 0 0 0 0 r s " 0 0 0 0 0 t - 3 0 « - ^ O O O H 
o i 1 t I I I I I f t t I 
^j u o Q V? t) i.; cj o o cc c* o r * CI t> r^ c o 
• • • • • • • a « « « e e * e 
«•-; c> r-i o J : CJ '"1 t** < * -•' ra t- j r** -^  r ; 
o tf! "«* ^4 w o «* (M c* n <^~ O u u o c%j tn sp ^ (») • • • * • « • • • « • • • • • • • « • 
03 H c; —1 r f «-^  « I «-« »^ —i O H f~} *-! ns r4 C> f^ tNt 
vo 
ni 
un r* "« VO <* •^ yn t-» r4 w Aj «o •0' fn SNi lO «» J 
^\\ 
/ 
S-xso .^. 
78 
. »-; ca r3 (J vo CO C3 cj o t, H ?*« m o a o o UJ -^ tn c 
o 
O O iJ C« 'S' O U U O c: CA P> £> "P Q o Q R; o tn 
* a • * ?! 9 L> ^ f* S! '"> P 9 -^  ^ 'i ^ <^ *^ P '"> o ..; c-. 
O O O O O O U O O O O O O t > Ci CJi w> O O 
to I I i i E t I t I e i i I CM 
H r<s "a <„ o ra M r: o v.! f-: r^  tt Q « o ra «"5 v '* 
J-* ••n H t-5 03 Cv i : fi a o w et o? u i r-j r-: «~; K i.: 
. w nj t,j u ** r5 u o r« e u n y^  "* ri o u <-.; -43 «if 
H M a H fJ f-t rj ff) f-^  U t-^  U t~* C! r*| r«: r-f O H H 
« 
ID 
««^  tn s0 «n 
r» r» r» 
f - I H H H i - l H H ' - 4 H | H H H H I 
79 
a 
o Cj O O O w t ) O U CJ C3 O CO O C^ p O O Cv O r» 
a o o o o o o o Q o o o t-i Ci o t,^  o o o Q 
{ • t 9 { 1^ U3 O • • • O •»3 O 
. o 
e « o 
. ^ 
t • 
r«| 
O 
• O 
O (J 
• • 
o o 
t { o 
tn o 
n 
I e I 1 I I t t i l l I 1 t t 
^ r» in tn o ^ o ^ «c»» V.' rj <? V cd « <e> p* to s? 
' i n c^  ;^ C4 * i m «^  fo Hi j'J n c; c* <-; o r3 o o 
«D "<{ «-i tn c) o H o tn cj o o ^ (^ u «3 oj ^ o . t en • • • • • • • • • • • • • • • # • • • • 
•a 
c 
0 
u 
hO 
o. 
c 
fJ o u :*> O CO '^  Q o CD (,) o c u o o '^: ;n %^ 
HI e^ «s* O V :• e-2 «^ i (-J C <^ ^- O r-J O W H r4 f-1 p-3 
t-1 O O fC 
• » • • 
c; O O O 
o • • * 
CJ Q ^ O 
* 0 • e 
C3 O V? (^ 
• » • 
cj o > ri f^  o Q o o ;: n o u) t"* tj ;i: (O tJ vO ' 
a o (> u Q Ci o c^  c"i Ci o a o c^  o 3 a d ci ' 
• • • * 
c j O *1 O 
0 0 O V D O « ! ? 0 0 < ' V O O 
} « • { • • e | • • • • • » • 
0 0 o o c; o o »3 cj o «^  o 
O l > O t 5 0 c a e s i O M 3 0 0 U O O O O C O U 
O I t t } t i I I t I i 6 t 
o w (^  w u u c; c a cc o rs n i<yi !»;• C J • • » 
"1 rij U- C( w f ' j j-t H U H -t f i w 
m 
rn w- O ui «> W «» u O (J u <3 H 
H f"J m O U r i H H U "-I •-3 U "t 
N 
.^ u « kU iTi 'sr 
• • • • • « 
C* fM H H U H 
• • • • • « « « • • • « • « • • • • € 
..J C« >3 H 
- j - j 
f l 
Ilo4te(3 courrxiQitluA GO i t lo ccxrect t o oix;e!: of a tyf.lcr-1 
oti;x,T,iiv:rtsit9 in o cJLaorQlof;ic Qx:C/Qr ctnaivixX oeaoe 
<::rii3inQ, I04D; l-'olk. 195<Si riilxjrt, ICOOi l ^ t t i j o ! ^ , 
2D75). 
ot i t 'v end cccuro u i th c tJi£o va r io ty oS cjxClnctlcn I::J'jit 
t:::t:cr j.^ ^Jr"-"'€T'ip!:jic oicrcrncopo • rouff r^iia t ^ r - o oCr quartu 
"stretc^ict: catccoEphl«*' c>!OCfec* "rccryatu?.licet! rr;tc:::x>ri;I:i.c'' 
<suci:tn cntS «£oi^ offliQd i30fiAc::2ntary'' quarto of roJk»o c i c o o t f i -
' gter-.-isn-m-PCtp" - ^1:3 ^ccnrasn" c?3GEtc prcr.cz:inctco in thn 
OGrr:-BtOi:o »:r:c~ conoti tutoo r:o~o tlic::! 50 r -S" cent ol' <fot:;itol 
ccc»5tit«oi3to cn G^oircco. St Uirocro nca-^intlal^tory uit! . no 
viaVjlo Qv£^.onco o£ etrci^i in tI:o ^vciuo, Cuch c^^alnij are 
C^'^crctil^' Croe f rcr incliioicnn C l c t c ::ll', J '^if. rt), whil'n 
Ccw n ia r tn c^aisio oJ'o:; r^indo'^lv sc«it tor ' f r^iiioriil inrlt:^ ioBj; 
•Ql '^orvinf oii:oo ( I l e t o KW, I-"if, i:), c l cruaX BX'/&B ( r i a t o 
rJCl'» I'ic;. C), u3SOCictot* tr i th toc^i? vaii:c»3:al3 on^ "- 3J."C11 
n«e^ficti uf t1^5 intm-r.r>("i t e dusty iiJCli.-'ji^.-tiii ( r l i t e XIV, 
_'ig, 3,3, '-^ y uiiC lart^e, tj^ "ccffnrsorj" (|Uart7. 1Q d ia t inrulahed 
wit J a i i t . j t - l ; irrecrl-Ar o u t i i i u , rnt.(t''eraie nur? ,er c^ l incXuaivonr?, 
P l a t e XIV 
PHOTC I^CROGRAPHS OF JQDHPUR SANDSTQ»£ SHOWING 
•COMMON* CPARTZ TYEE 
FIG. A Photomicrograph of i n c l u s i o n f ree mono-
c r y s t a l l i n e »coromon' qua r t z g r a i n s marked 
by c l e a r appearance . Note tYis g r a i n of 
quarfcz in t h e c e n t r e wi th d e s i c c a t i o n c r a c k s 
f i l l e d w i t h i m p u r i t i e s * X 30 
PIG, B Photomicrograph of monocrys t a l l i no 'ccanmon' 
q u a r t z g r a i n s shov/ing few minera l i n c l u s i o n s 
of va ry ing s i z e s . X 30 
PIG, C Photomicrograph of monocrys t a l l i ne 'common' 
q u a r t z g r a i n s showing c l e a r appearance few 
m i n e r a l i n c l u s i o n s of equa l s i z e s (bottom 
r i g h t c o m e r ) , X 30 
FIG. D Photomicrograph of monocrys t a l l i ne 'common' 
q u a r t z g r a i n s showing wel l developed euhedra 
of heavy m i n e r a l s and smal l n e e d l e s of few 
m i n e r a l i n c l u s i o n s . x 30 
PLATE XIV 
•2 
••cond ill order ol iibuDdanca and co«i«iats o£ oroutx) 26 per 
cent of the d e t r l t a l c o n s t i t u e n t s . The d^K^zogst® c r y s t a l s 
show e longate , s l i g h t l y sutured cnmulated g r a i n s . Two o r 
more c r y s t a l s fonriin^ such aggregates nwiy belorii- t o 
unstreiixted or strained var i e ty of quartz. Mostly the 
l A t e r c r y s t a l l l n e boundaries appa^r sutured and crenulated 
(Mated XV« F i g s . A . B « D } . The presolved surfaces with 
irregular r idges and kncbs oi indiv idual c r y s t a l s f i t i n t o 
corresponding depression and furrows ot adjacent c r y s t a l . 
The dusty api^erance of the "stretched metaHtori^hic" quarts 
( I l . i t e XV, Fie,. B) generally, giv«3 a hasy appearance t o tlie 
i idividu^il c r y s t a l . The degree oi e x t i n c t i o n in inoat of the 
quartz grains general ly ranoea from 3*^ -5** and even upto 20®. 
"Reworked het<yaon>hic* cuarty - On average e per cent of 
d e t r i t a l grains belong t o t h i s type of quarts . The "reworked 
netannrphic" quarts grains show gros s ly oosiposite and 
s trongly undulose habit general ly with a th in coatUig of 
seccKidary s i l i c a onrergxowth (Plate XVX. F i g s . A«B). Mostly 
re«foxked unstrained po lycrya ta l l ine grains stKyw ssnraral 
u n i t s of unstrained quarts with each of t h e i r own o p t i c a l 
continuous overgrowth, a i s i l a r l y , in the s tra ined poXycrys-
t a l l i n e grains each unit of quarts has i t s own equal ly 
s trained o p t i c a l l y continuous onrergrowth. The oonoerys ta l l ine 
Pla te XV 
PHOTGMICROGRAPKS OF JODHPUR SANDSTGNB 
SHOWING OtJARl^  TYPES 
FIG. A Photomicrograph of p o l y c r y s t a l l l n e *8tx9ch«d 
metaroorphic * cjuartB grains showing elongate 
host grains with crenulated and sutured 
c r y s t a l - c r y s t a l boundaries. X 30 
FIG* B photcxnicrograph of p o l y c r y s t a l l l n e *streched 
metamorphic* ^ a r t z grain showing or ienta t ion 
of e longate c r y s t a l s with crenulated and 
sutured c r y s t a l - c r y s t a l boundaries. ^ ^^ 
FIG. C photonticrooraph of monocrystal l ine quarts 
grains showing segmented undulos i ty . X 30 
FIG. D Photomicrograph of p o l y c r y s t a l l l n e 'streched 
inetamorphos(Bd * quartz grain showing coarse 
in t er lock ing mosaic of c r y s t a l s having 
sutured c r y s t a l - c r y s t a l boundaries . X 75 
PLATE XV 
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quarts graina In t h i a tyr« ahow aagcnante^ unduloaity (Plata 
XV, Fifi*C}. 
"Racgygtftlliaad watiworphic* Oiarta - Thia typa of quarts 
coaat i tutea gatmtixlly tron 6-9 per cent of tha d e t r i t a l 
ccmst i tuenta . The i A t e r c r y s t a l l l n e bound<iriea of polycrys-
t a l l i n a atructura appaar aliooat atrai^ht (Plate XVZ, Fl«a« 
C« D) in th ia typa. The polycryata l l ina quarts ^raina 
ganarally show uniformity with f ine grainti>d tnosalc of aub-
ind iv idua l s (Polygonixad q u a r t s ) . 
"fMworltad aedimectary** y a r t s - The "re%«>rked aadinentary** 
quartz l a fourth in order oi abundance and ccmat i tutes nearly 
5 par cant of tha d e t r i t a l graina though t\m d i s t r i b u t i o n 
and tha fraquancy of occurrence i s net regular in a l l tha 
•tudiad th in aact iona. The inc ip lwi t quarts ovargrotrth in 
t h i s typa occur in o p t i c a l cont inui ty with tha o r i g i n a l 
quarts graina. Tba hasiatita dust ring between tha adjacent 
subunita Conns l inaaga v i s i b l e boundary and hence marVa the 
d i a t i n c t i o n bfitwaan the overgrowth and o r i g i n a l d e t r i t a l 
quarts grain (Plata XVXI« p i g s . A«8}. A s i n g l e coat ing of 
overgrowth prove nonocycl ic while the double or siora 
ccMiting in such casaa raprasants tha lau l t i cyc l i c nature of 
tha quarts grains (Plata Xirxx« r i g . B ) . So f««r grains 
unusual dusty l i l i e s occur almost p a r a l l e l t o the d i r e c t i o n 
P l a t * XVZ 
PHOTCKICRCXaiAPHS OF JODKFUR SANDSTONE 
SHOWIHG OUARTZ TYPBS 
TIG, A Photomicrograph of *xewoxkccl metanorphie * 
quarts grains showing gross ly composite, 
strcHngly undulose habit and abraided s i l i c a 
overgrowth over d e t r i t a l core (r ight hand 
s i d e ) . ^ *^ 
rXG. B Photomicrograph of *rewoz1ced netaaorphic* 
quartz grain showing gross ly composite u n i t s 
of s trained quarts without s i g n i f i c a n t planar 
f a b r i c . X 75 
FIG. C Photomicrograph of ' v s c r y s t a l l i s e d netamor-
phic ' quarts sbowing inequidimensional 
ind iv idua l s with smooth i n t e r c r y s t a l l i n e 
boundaries . ^ ^^ 
FIG. D Photomicrocjraph of p o l y c r y s t a l l i n e quartz 
gra ins sh-owing c r y s t a l u n i t s with polyhedral 
o u t l i n e s , almost smooth c r y s t a l - c r y s t a l 
boundaries . * "'^  
PIATE XVI 
M- >ms 
Plat* Xfll 
PHOTOMZCROGRAPHS OF JODHPUR SANDSTONE SHOWING 
•REWORKED SEDIMENTARY* QUARTZ TYPE AND 
PIAGIOCLASE GRAIN 
FIG. A Photomicrograph of monocrystalllne 'rewo^ed 
sedimentary' quartz showing secondary over-
growth over ^ t r i t o l core niajflced by coating 
of iron oxide. Note the inclusions. x 75 
FIG. B PhotoBticrograi^ of monocrystalline *re%#ox)ced 
sediawitary* quarts showing secondary over-
growth marked by dust line. Note the double 
or more coating showing mtlticyclic nature 
of the detr i tal quartz grain. X 75 
FIG. C Photomicrograph of a typical 'revfojiced 
sedimentary' quartz showing unusual dust 
lines parallel to i t s elongation direction. 
Note the abraded overgrowth of an earlier 
cycle. X 75 
FIG. D Photomicrograph showing strain fractures in 
plagioclase. X 75 
PLATE XVII 
fc# 
o i eXui'citloi: ui (:Utirt;r t r^i inj w'^ic::. zoi'l.vX XianKX 
tk^oicrct-toj cr :c1n lin.a«? y. I c t - r i d t l JUniurlti"3 { H o t -
c.x:a f / - r ' n d r nii"->'itimif-ui. t a weir^ ^JOJiffi'X.i' m^l'-uis^m'- ^ It: 
c2: :;^t ^u thgc^o t^ '^Ci^oiOGn (:lttr::-r!, iD?2 ). The 
c?ix;rf rL,.±tr5 £:: tt.a Cots'J.tc^ c- ' - '^r c '^-^o ccrrcr 'trit?. c?--
I."cs2.:/ i.oCiLyjx: ciryotvZ lacGO» 0 r^>y fa Coi: chiton fr^j 
a i t «>i-*o L:/) ct>; hin/it.4in ai. 1; ^ i-.'it,i'\, . •.;i, VOA^'U C'^ttn:, 
£. aie-f ' / irr, .',rIt.-:>'3 Vc'i i^^^cat r« -LK r^t:;: i l l - ' a ti; t r e 3«» 
vt:3r v's -:.i t!u,s in t t~ v J^.-js^ iirc ul e-j^f liii:? ilt i s t ' i i l JLc , t 
t t) i,T<;wr rX'je i.varc. royirrj IrxX^ o:i«.'l'..^ u'S» 
in Vk-»rjX3U3 thlii aectAos-33 -'li^ Vai:iat>le anxyuii* s ran^liit Iron 
1-3 .r.r cent c4 {jtetritjl v.raXust. '"hey ^re yeij^rull'^ V'l^ V 
ir> colour tan*, a j jee t sub-ioundod ti,^  wiell«>cour!ded. 'the 
craina 3ht>*- an •9^f»§at<» of microcryat j l l l n o cranular quart» 
ff" 
^.' 
B5 
riircaed general ly bv e c rus t a l Cietrilu.i Ula 'H • ^ ' i i i , F l f . P j . 
atraci:*.-*: uMrh um>r h id" rarnivix:, .tifx o, ^ 1.-3 . rs an 
Li£-l_;ii/JZ132 '• '^^'^ rrc:nrt£c;:, ;.C. ?.ith£a rc::?xr.t;"] ^o ir.,'; 
: r ' --'^  r ii.7. f.."^  ct::-t:ilcc] t:ii:n cnctrf'-^r: ."^: r. "-"^i ffrr:- r * . 0 ' 
rrjtccrrt^r-i^ chcractcrloti lco ot coar. Crac~cr,to# t^,o Cotsrltcill 
cui:ali?*tfe.:'io Cil VinCIiryijn rccC^o cC t t n c:rcQ a^^ r^a IJCCSI 
clujsiCict : toto tbsoo pffinciroi ^-psc^ic ^cci&z.3 ncLGl:/, 
"-•fn £roc:i Crcc—li^o cf S^oc^Jn o n i c ^ i2Qln2,7 Irirlfj'o t t o 
c-r- cjaisiio cisuimCr .yo etroI:*.G£ t ^^ i-iC):.cX?.y vltV Ir..::: OKi<:'it> 
..iruii V*.. s :-t i.»-.tt;-;iUurtsitcj<, nl.V"., c M c r i t i o iMt. 
^?JVX2Jtti<: isv*<:i.'C,-; :i .^nc. rlct^-c-uurtj^ i^f < regi;?tr»s rr*.. r e s i s t a 
r?;ett«:.-iDriiiic i„j;jve?i.jxe ( 3ato ^:7XII* F i r , C>, ^*1^* tie-* r i l a l 
i r ac t io i . dia, lavs U-Jlor fc»f x.-'t.' ot roundness but loca l ly 
a n ^ i . . r lia<?fi«'.t3 al iu / c u r . *tb''j rocK f r a^on^a are 
proiortloHtitely afcrnnctint in roars*? c:r:sJjn"x- 3w'?i!«F'nt •?. TITT 
i4i>l l i to frdQtJ'enia wse cT", r .ct^-rizet' by folLitoti micos 
HOC-,'-*my%m&if-' Tf^s 
BlOm a pliottsiccograpti of aceaolitb of ^wit^ showing 
cMllnstl «icete mJivcm^i^ by ^ixgSi rfeyolltlr 
detr i tus , Muta tba cirac2:a fill<2^ ap «ltli 
simiiaC' &:it;<irJUlil* X 75 
crusti qf clatritas* Tha grsto feas r'»3»woa 
P20, G l't30tOBlC£OS3SS^*h ^ KSIilK"^^ |?tl^liit© fraCPSafc 
slioiriao i,:»feri»^ ortoutatioa o2 ©lea flol^s, 
X 30 
FSO, o £>1i0tocjlcicocrapli o£ a pli^iiitio frog^at ©l^»lnc 
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(Plate XVZIZ, TXg, D) , 
The noieble rocK tx&yaiant.B ot sedJjnentary gene t i c 
gxottp iQclude the fregmente of ieeta->eediiMintdry q u a s t s l t e , 
chert «y3 ferruginous s i d l e s . Colourless t o pale brown 
chert i s a l s o notable In appreciable amount In few th in 
eect lone* 
- On ererage the d e t r i t a l gral^'is of f e l s p a r ranne 
from 0-3 per cent of rock by volurae In few thin s e c t i o n s . 
They show a l e s s e r degree of alteratlcsn as s t ra in fractures 
In the forts: ot dusty patc (^<e^ on the surface of grains (Plate 
XVI2, Fig . D). unl ike quarts the frosted surface of 
medluiR tu co<arse grained or thcc lase apipears cleaved along 
d e f i n i t e pl^anes. The e l s e &nu roundness I s almost s imi lar 
t o ti^ se quartz gr«jilns thougli ciuch l e s s s lmllcirity e x i s t s In 
the f i n e r f r a c t i o n s . 
Oiegeaeels 
The d l e g e n e s l s involves phys ica l and chemical changes 
In sediments a f t er the depos i t ion at normal pressure and 
teaqpereture and thus becosKs responsible for changes in 
texture* s tructure and mineral c o n s t i t u e n t s of the —dlmontsi 
I t MUkQly incre«Ms the dens i ty of the rock and e l i m i n a t e s 
open epaces between the indiv idual grains by p r e c i p i t a t i n g 
the mineral emmot. The d i a g s o e t l c features includs 
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ecNMtenaatJyon and pc«0iur« so lu t ion , cementation and rep lace -
nant ( l i n i t a d t o dolomit ic l inoatone described elee%#hare). 
Condensation and pressure so lu t ion 
The so lut ion c£ quttrts that occurs p r e f e r e n t i a l l y at 
the point of grain contact under s t r e s s i s c a l l e d pressure 
s o l u t i o n , l lw variaticxi in the amount of pressure s o l u t i o n 
causes the change in porosi ty and t i g h t packing, denoted 
pxogress ive ly by s t ra ight , concavo-convex, and sutured 
contacts of the grains (Sicnrer, 1959) . Following Thoouaon 
(1959 >« the sandstones unrer study have beon c l a s s i f i e d 
in to (1) unpresolved, (2) s l i g h t l y presolved, (3) modeipstely 
presolved and (4) highly presolwKS t y p e s . 
The var ia t ion in degree of pressure so lu t ion shows i t s 
e f f e c t s nainly on grain c o n t a c t s and thus , the fabric of 
the sandstones. The d e t r i t a l grains in tangent ia l contact 
v i t h each other re ta in the prisiary fabric and n o m a l 
f r sew work of the uapxesolved sandstones (Plate XXX, F ig .A) . 
JilMindant s i l i c a oesMint in such c a s e s f i l l s up the a v a i l a b l e 
primary pore spaces . Long contac t s of the gra ins , in 
s l i g h t l y presolved sandstones show mild e f f e c t on the 
framework (Plate XZX« F ig . B ) . The «Munt of s i l i c a ceeient 
decs sases due t o decrease in porosi ty consecjuent upon s l i g h t 
cond«nsation. The concavo-convex grain contacts in swiderately 
presolved sandstones le«ve a lnos t every l imited space €or 
P l a t e XZX 
PHC3TCX42CROGRAPHS OF JOOHFUR SANDSTONE SHOWING 
PRESSURE SQLUTIC»3 AND CBMSNTATIOM 
FIG. A Photoniclo^raph of unpt«saolv«d sandstone 
showing normal framework of quartz grains 
having tangent ia l grain contac t s between 
the quarts grains with abundant pore space . y^Q 
PZG. B Photomicrograph of s l i g h t l y pressolved 
sandstone showing long grain contacts bettieen 
the quartz grains with l imi ted pore space, ^ Q 
FIG. C Photomicrograph of moderately pressolved 
sandstoriie showing concavo-convex grain 
c o n t a c t s between the quartz grains with 
s e v e r l y decreased pore space . X30 
FIG. D Photomicrograph of highly pressolved sand-
stone showing concavo-convex and sutured 
c o n t a c t s bet%reen the quartz grains with 
complete l o s s of pore space. X30 
PLATE XIX 
be 
' j ;;.*, i-'ir, C) , MxjcroGsivcly cu:^x:nac:tic.: loa6o t o o 
t'!a£^«r'atfcaa.l fS.>s^. ^Itl: t> ^ confer: t:^ : oxric* -^Q2. (Tcin 
Jj-jiunt. ri^ ^D at:tr«i::f oisttirai' oxit^nso C?2.cto nS!:* Pic* D)e 
'. !.i:j tir,Xi o£ (T'jft^jrr^tSerial. f;c:!:>iraG a^:poro looo ccr:::2rs to 
'J&Mcci^ fcolar c-Dt ccmo:i t^ciD GO £nooctont sole co 
Co: ooAtciJ en CofcirAQjl c-^actc c^atoo CFloto Itv7£2, P%o. i^,nK 
cc. cjr.t; to preoolvoci Gtri-otcnco arcjcaro CMQ t o t t o 2. :::ti':GirLO 
CG2-ntt^n (CGi;Ior, aOGOj r:aQl.<a, 2.900? Hsncois, ICBD »nu 
cf; ccr.t.:ct3 of. rt2:jrtr: ti^cino, fccc^orro coai:r>i?>iti' c t t t c j o 
;4:rt(3, C3 o K!:*ult ttn ctiostc Escccrr-o oolu*!;2o. Cn tlio 
c:.nt:r^i:^% in t!".~ yr- resolved Q^HCZ^^LJ: yj tl.o otrDCtri;-'t!::; 
s. 'ib t>r; enlc:isfvfSit. t o t t o ccf^lriri Ccrrco Ci'o t o ttT, 
ava41u*;ilitv of s;, victi in Txit'^icco f.is; c i u r t r C^T--^^^. ui-ce::t2.s' 
the lune zfAiM')V>cji rnvralcr" t>a t t:/;^ oiTorrrr.vt>3 cue 
3X^ iCf»cJ C:ittJi.ar, 2S72)# 
1)1.' oi-tii coi.'jj'st l a X«3a cuicon ifj tf.L; atudiftt; 3.^ :1: s ton-a . 
C9 
I 
Rjc; ^^ '.if uTt jyi t.rai.'i^Gr6 on tt:nlr: :il u o ^"r:£ titx-iJr a)c!?.ury 
V'CK^-x^-Qcitlo, 19563. 
colVscttK' fiXii" tine 14s; if Ixii- tu I-a crvi^hed i iofore tJ%i Jx-avy 
9C 
hte^iinc <J2 csaina QEG hcnco rotkiction to fsinoral ccfim% 
accxiXTdCy* **1?3 CDthoTi K.-xj GX-rlicC witli utmost Cci»» t c avoii'" 
coio crdolxiO fco CljQO oico in en ircsj ccsttiQir fosr oif!V^ c i r o 
c n a i r j i o . AsnffC3;:fcctoly 1CC-2C0 CJ^cia of t l"j cr^v'jtr::!: 
Ow". iCc 'w\^ o oic;?c(3 t o c^tsiiln o cor.C oico Ci^^ctilcn (Cinor tlicn 
iSC co3h tsut coarcor then 240 ccoti) £oa.low4i3C! t t o n:^ 3tli©^ 
outlines^ bjr Kojiljoin^ Ft^feijotm (1930). C^o cn2ol:ct3 Gcn2r3,o 
chloL-lT-o t o rc:;;Gv-o tlr) i roa ©si^ So i n p a r i t i c o . Zt UGO tlioo 
cfi<2a<l t o cbcat 50 o3. o2 bircK:::3€osrj* ctirucfl with o c^aco soO 
aoCi ^^ cA7y D^Etorolo t t o o c!:3toi:5cO t^ -oro t rcsoibrroG en a 
:f?iltos- ixiipcff. "Ito fcocvy firccticri uao ccofeiQ u i t h alcolx..?. 
cnti rtricCl iln en crjcn. r:;r,vy n lno ra l fraino t.-c:-r3 tot^'itcr 
i a an epsny coatd CCc'a^ C^a Dcilocn) Ccr c-icintitctivo 0».-iriact5.ca, 
i.ric. ncn~C5pa^o UOD CataxmincCi vitlt tire. I'^.li' ct a IUCVA3.\lvol 
. 'jtato. • 1:0 rr^';ult3 c l t*:^ microscox^ic stutii^ .'' of iTiavy 
uiiiiGrcla ato prosentut" in iVi^ jxmcli&: VI I I , '^hc a l toreC 
i 'raiaa unC jujU;\i3 v-jetv-j not Inclutcs' i.: t!~ '^ countint . A rou<sh 
"avorat;e" valvse w<is c^t &in C in a ccsunt ol Imncrec' hejvj' 
Diii'^ral fraiD:i yvr tVM' s ec t ion , Aprru5cif?5c»l» l^y In 80 s-^r cent 
ai t!'>* uaj'ides t »KI anK>um o% hojvi«=«a! ran* ed from f,005-1,20 
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lax cent (avciQC^ 0.60 i*cr coa t ) by %!oic1^» 
ci^a,llt/ tousr^aliac::. nirccn asC n j t i l o (rXcto 22SZ# P£.0o C)„ 
'^i":© I ?^ i: in£or. (rubortj, acC2) trca a^^t^icO. t o Cotcc.^iuo t:.o 
:;;.^2i to thocD ocntlatfnco cnfi rcaroja Crcn 79.22-DG,20 r ^ r cci'-t: 
(cco-vfo C7.71 r^r c e n t ) , Lcc3 otcblc oi-cciA-c c2 tr.?cviL:3 
i;:';r.f'"C! t i t c n i t o , r,ototto, n£cco, cliiorito,Lrx3cnito cnC 
cctictdtuto Scto i,0<:^lloXn per cent iarozo.^ G,CC i c r cen t ) 
o£ CLo t o t o i opcc*ao hooTy ainorcioe 
'• cL::r. s l i : :o a.;. acira by Coir iroot ttruaf'v'Ut non-or-iicuc 
hi^ cvi? IrcctiOD o2 JcsCtri-ur Sisrsti^cto.o c c n o t l t u t i a c 35,6(l-y:i.37 
. j r c -lit avorcci^ G3.9C Ler cen t ) TJV ntjn>-;i:, '^O-tr: £i3.iiiM 
^rait'-j t:-::^ c been clrj'.r,iLf£.cr. i i : to v c r l c G ty;..oo en t ! ^ '-^a'-iio 
ba: .>i"t yc:Ilatv', bluf-, ^-rricn one: G .^vJ5e3 of rial- ^'^ on^pr o£ 
aUin-esicc. colour vl tounuilijir i s cnio cf th? useful 
inttex t u os t i ib l i s r ,i rnlvtti&isshi^ witt. tl:o ccurct> r ck 
(Urynin©, 1946a? Bla t t tit a l , , 1^72). Voun tiline cx^curs 
I.-: a v a r l : t i ' ol ^1-^j.es iw.u.Lig fruK glcbulrtr t^ ..- rare pria»natic 
I l d t e XX 
PHOTCMICROGRAPHS Ca? HEAVY KINERAL8 SHOWING 
TC3UWALIMK TYPKS 
FIG. h PhotCKilcrograph of %rell rounded second cycle 
tounoaline grain ahoving rounded needlea and 
rods of unident i f ied c j rys ta ls . x 75 
FXG. B phoinicrograph of a second cycle tourmaline 
grain showing secondary overgrowth over rcmnded 
d e t r i t a l core* ^^  75 
PIG, C Photomicrograph of a second cycle tourmalino 
grain showing secondary overgrowth over a 
rod shaped rounded d e t r i t a l co re . Kote tba 
mechanical t ^ a r on ttm ou te r contour of tha 
g r a i n . ^ 30 
PLATE XX 
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ouIsQ^Iral c rya tu l £on.-o. ^ ! s rouncet' f ru ins c c r r r in <ili:'o::it 
Criatn 1121, Fif . 3 ) , tl^ouch mibijniular" croiJirj a^^ut-ir T^ojtly 
3U";-!«rrul in G^^lO. Tew cf t!x^ c^clns 3!ic.: i::cli.3if?'O 'J€ 
woAI :rur:;ot:i tiiiiQentifi-;:^ cctiniojj Irjcvico ( l l c t o rr^ :, r i^ j . i^). 
iXrcQ^-Sl tc^nx^liiio carina otct? t^ OEry c2.rcrSv rr5fl'>.r ctJthic^zsic 
ccn t rc l cora o£ touixr:ltoo C2<Q o-iicI::tiy t o L';orSoct2.y rntant'-Cil 
£^:aiO-^ in to tho hoh'::^lc-:iV c5 cc^isco CTOQ <rottoir cittl L:rjoir, 
iPGi) . ^ o outoff coatMDur o$ ouch OE'cino c«caoicnGl25^ o^^v/0 
c;cc:^c3icjl troar ( r l c t o isi, P ig . C) . ^In eraino o£ ta.n,iiolUio 
ccceoirnoi ly oaMbi t a doXicoto coloaraoao ^o fe in t T)Suo 
placcJiroiG:;: t7ith otrcnc eiehsoicsa. 
::irct£i on^cast) ncirt lu c>JiEJCcncD of t t o e n t i r e ocri-* 
Oiifwiuo !K;ciVy L^inoroi eu i to rcnciuo I'srcc 2.CC--S3.CO ?'ir e.'>it 
(a^er. t e 27.44 ;:xDir cen t ) b^; oiisfJJor in r.if£c;rri:it cm^jla* 
I 'a ialy tl^rcso tyixm cf Rirccn crcino v«ix> iContificC a i tf^ 
hizila tS. co lour . '«ix5 colot'.rlcnrj var in t | r :::;rincis::a3.1y 
rrvJ<l'oii;ir.utes whilo sxtat oi th2 t^o i2iclufo ycliowioh brown 
KircQi, tiTic" tl*i pinJ-. hyacintl: . ^ill tl<a coZourct" vcxlo t ios 
oi. s i rcoa a. j ota- cloutly, n^ilky, wixitc, tjn^iisluGcent t o 
Oi-*if,ue in rafl"Clec l i c U * „Ke cryatwla v<.-r>- in sbatxa fjxsn* 
i.«rfoctl^ Cilctoular, alliifspir^*! tc^ prismtitic enb^ral with 
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JXWDCJCK: QC\^ C^'liito :v;l, Mf.s. :^ r i) , \lc t r a i n s freaera-tly 
vajr, Irwt) 0«04«€*43 Ktm (overati^ 0.23 BJM) JUJ Icintt::. oiic 
Ci»03-<J.2€ m© (cwT r,e 0.15 mm) iii l5rB.itIt!>. !Jiilk of t!3R 
r.irr:Qii c^^clri'i c„. OJ-S* u e l l cortrtl (jrif^  sxiurMy loc-^cjyiclls" 
cliotribiitcC. (>:cxtn cnci £cu olcnccto aiccolltsca occur 
QcccDl'vnc^j/ CO liscliicicao (Llcto r^iS, l?lro, -^N^  r:) lnC-.o t t ^ 
^ /* . * ^ . ^ ^ , - * . V V* < ^ ^ 
A VQsry Cot-7 siscoii cs'^^i^o criliC^lt C .^o Incluoicn Cr-^o 
coto i r lcoo t o polo hrcim cS>n3Scfi cro^c^rc-w-tliD. i^Hto T;7XiGorr.o 
lilr; t i t c n t t o cs^aioo cxcur raro cxsG ccarco cn<S rm:rc5 
fp::Grc2,t*7 £can 0.99-4.00 r-cr cent Co^crcco 2.40 '•an ccDi ) 
csx>ixit by m2ii3oi:« cii£>-<S2r-aiQr t o csi£>*»sx^inCoC. (.-raliio oil 
t l t c n i t o oscMbit thD colour varict ic . : : ; t'rc:ii 2.1^1^ brc;ri t'^ 
in ::,e;? ot" tlio t i t o i i t o ^rciino t ' -at prt^lQr.iblv ti:rD blv»f.3h 
nf^ar t h i 0ictiiir;tiot5 posi t lcrs . 
ilw ?K2uvy HijL,or«4l solaitcj cona t i tu toa frt». C.19-4,2C 
j e r fs^  X {avciat^ 2.19 iCSJ^  cw-nl) by mjBber ot tliu non--opequ« 
fr..ctior,;j. j u b - a n ^ l ^ r L'-^  i^y*'-r unded i ' rR tuL. r grains of 
a o i s l t e a1 v w cf'»aracterisrtic ultr^-i . iarlne blu^- in ter ference 
Pla te XXX 
PHOTOMICROGRAPH OF HS.WY K3WEEAL3 SHOWING 
2IBC0K TYPES 
FZG. h Photomlcirograph of a eixxon grain with 
^ipyrmaiiJal faces showing abrasicsi and 
rounding a t termini..tion. Dote large inc lu -
s i c»s p a r a l l e l t o c -ax is ana few randc»caly 
or iented ijaclusions. X 75 
FIG, B Photomicrograph of a s i rcon grain slewing 
dipyramidal facos with s l i g h t rounding a t 
tezmination. l^ote inclusions of opa<^es. 
X 75 
PIO, C Photomicrograph of o layer of heavy mineral 
concontration showing jsirccn, rutii^ ) and 
touixjalino grains. X 30 
PLATE XXI 
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colcnir. Wmv oralna appear colourless while soine show l ight 
yellow colour end faint pleochroian. l^ost of the graine 
are spotted with opacfue and dusty inclusions • 
These two constituents ot heavlea are very rare to 
scarce. Their anount varies from c.00'»4.60 pier cent (average 
2.30 p^r cent) in the studied sandstone. Kica occurs as 
colourless , short prismatic crystals with well defined 
cleavage. The amount of inuscovite oenerally prodocninates 
CArer ch lor i t e . 
Rutile in Jodhpur Sandstone varies from 1.23-3.BO per 
c^nt (average 2.51 per cent) by nuinber of tti» tota l non> 
opaque heavy minerals. Mostly xut i le occurs as rounded 
grain exhibiting colour variatior> from dark brown to golden 
yellow. The grains are generally free from inclusions* 
characterised by very high re l i e f (Plate xxxx« Pigs. A«B). 
Few grains show inclusions of unidentified needle end cod 
shaped crys ta l s , s l ight ly worn character of most of the 
zut i le grains suggest detr i ta l origin for such grains 
(Plate xxiz, rigs. B, c ) . 
i t e 
The tfMunt of monasite in the sandstone varies from 
k. 
FZG. A 
P l a t e xxzz 
PHOTOKICROGRAPH OF HEAVY HZNSRAliS : 
RUTZLE GRAINS 
Photomixsrograph of 
f r a * second c y c l e 
wel l rounded 
r u t l i e gra in . 
SHOWING 
inc lus ion 
X 75 
FIG, B Photomicrograph of x u t i l e grain showing 
s l i g h t abraiaon and rounding at terminat ion. 
Note the mechanical wear on the lower outer 
cc»)tour of the gra in . X 75 
FIG. C Photomicrograph of rounded r u t i l e grains 
showing inc lus ion of needle and rod shaped 
cryEjtals. Few grains show mechanical wear. 
X 75 
PIATE XXII 
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0.13«3«33 p«r cctftt (average 1 .73 per emit ) of t l ^ non<>op«<]ue 
haavy minerals by nuaber. Rounded t o oval grains of 
Mxnasite appear Qenerally fvee from i n c l u s i o n s . They are 
general ly charactericed by yel low colour and hi^h r e l i e f . 
The amount of garnet by number in the aandstcuie sasqples 
v a r i e s from 0 .40-3 .60 per cent (averaiQe 2 .0 per c e n t ) . Garnet 
ranks high in potent ia l use fu lness in detenr<inino the 
composition of source rock in the present I n v e s t i g a t i o n . 
Mostly sub-rounded grains contain l imi ted nuni>er of inclusicMia, 
show hackly appearance and mechanical wear (Plate XXIII, 
P ig . A ) . 
m di f f erent sanples the amount of epldote v a r i e s frost 
0.56>2.50 per cent (average 1.53 per c e n t ) by nwaaber. sub> 
rounded grains of epidote appear c h a r a c t e r i s t i c greenish 
yel low in co lour with d i s t i n c t f a i n t pleochroism. 
Eflflt^tite 
The aiDOunt of e n s t a t i t e in the sasq^les v a r i e s tsom 
0 . 0 6 - 1 . 4 6 (ocverags 0.76 per c e n t ) by nuoiber. The character -
i s t i c pr iwsat ic grains show high re fxec t ive index«lacX of 
pl^oehroisin and low b ire fr ingence . The grains are genera l ly 
f ree from inc lus ions (Plate XX2IX, P ig . B ) . 
Plat* XXIIX 
PHOTOMICROGRAPHS OF HSAVY MINSRAL TYPES 
FIG. A Photomicrograph of garnet grain showing 
hackly appearance. Mote the mechanical 
%iear on right hand a ide , x 75 
PIG. B Photomicrograph of euhedral inc lus ion frMt 
grain of e n s t a t i t e . X 75 
FIG. C Photomicrograph of rounded hornblende grain 
showing f laky structure along the cleavage 
p lanes . «# ^B 
PLATE X X I I I 
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S;I:Q QDOunt of I"»rnb2cra2e variQ3 fror. C#00«'2»40 i ^ r c^nt 
{evo:.-i»te 1.20 lasr c.i-;t) bjj' nuL'icx:. :>is:>«rciin^x«?. t o round«?cl 
Oiiir-inonito cxe:pricoo 0 •03-1 .CO ros cent (c^crrecp CoCS 
jjss- ccnc) by nir±>c:: cn«3 uouoiXy CounsS GO car^oiH f Ibsooo TolRt 
t rccoo of acaelt-ciiikiQX •oE»S,Att:inc* l a CiSDrJontSy psoccrst to 
Cctj cs'oisio, 
IXir cent.) oC tlto t o t a l or?Gc?io Ctrcctlci oS laa^ nSnorcilcu 
i-^ci^-^ro as opartJoo osylng t o tito C^fClculty t o renol'^o t l r^i 
uu^'er tr..nai4ittet3 l i^l^t . ttoot of t f e c"Ciix:o o^ rxicnc^tito 
yct:ur nindoBay Crujctcrcsfi cur. oCtcn n!x/- rcr'^ tX-u^ roatJU;r f?f 
£orrut:4nou3 u u t t e r , nu2>«Gno;l2i: t o cu? >«2X)ijndcK-'. crainn of 
i^stroc.rapliy o£ Caixjoriatea 
s:K-> wodlii.ur llpj'.istoTK* D1 t.U» .itiK'v area alxiws at rati*-
graihir: ant v^ at rorras.-hlc cKirriCtvri l i c i tv-'id .o.-je intert?qt-. 
inc quest ions about i t a aepoa i t i o r a i and JiagenQtlc h i s t o r y . 
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nearly 2CC tli in oec t i t n s ^^ rero j.^ rOfc-orcC. frcra roi-rosontativc 
hcnt' GiGCiiaGaa colloctcrt a t ccjveral o t r ^ t i c r agh lc i^jaitioas 
tfifehjiii om" cSx^vo tiho l iocotcno Core \ t ion , Cn t i n bus i s o i 
Ct2lC ccctsrc^rico, tf^r^ttiro, j^otrocs'cnMc cntl ccajpooitlaicil 
cinracto£riot4cs# tfeD 14n?stonoo h c ^ bcon dltrifcd in to t^r30 
noin LOtcocffCE'^ -i*^ ccnoti t t icato ncznlif, QicB3SEyGtGiIliL::o 
coc. .'5 a., n.iV mat cal&ssxjC. Cue t o t ! « rrescncn ol Crag.sf^nto 
o£ \mi''rl%l>if cv.lcciBO'ao ohalca. Hiuiue br>^on i^n i out 
rutf. '4.IX fruniewuric sucj^eato oli(lt, com-pacticu t o a great 
uoctc-:t h^ *- !TuC. 3U1 ,-«rts?«: r r a l n n . CThP STMIO x-©bMj3 sb;3w low 
3j,harXciti unci ataji<3 out con3plcuai3l\ u*: weath* rsrs 3urface£5. 
'A\: In t ras i arrutUte n ic rofac ics Ti...s btjr-jn recc3 ,^ni30c". 
po..r tfK' ^jasp ot the rfajt:storv;s. i n t e r ji^lcroscoj-ie the 
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ul t l i nocirly n3imCo(3 CJ t l in -3 onC, Cirrr boa:Cai:ioo. .^ly^ oQ 
Get-itiiu t o fine tjS^ii^-^ SQc^ir^nnta ('iio::dcy c c^ ^^ :^ 2ccl G]:rG .^x-c:a:co 
(Mcto IJI217, L'lg, A ) , £t ar-i-tscro tl-iit tlto r c r t i c l c o csr./'C.'l 
£rcD mtCoslv^^ calcaccc*30 ohalco Iia'C^ o bcoa EcyS0i5Ooitcr,"' (-^ nC 
ract^G^lij' 2.Athii:?lc<> cxr:tcL:j^ircnccrj!02.i/ u i t h t i n CQii5C3,^ :o 
c c i i i ^ n t o , flTiCO f^iivtCjslco vary in o^Gr-o cnt! oico ccal 
IrcopiGiifea.jj' iRcorroffGtcfl t j i th uQv CQiS>Ci:iato co<2i:20BtD» tThooo 
coC^ccnto, by C£K2 Aarc3* oso charcctorSccO by ci53-iKn:s;Cc^ 
CSTCiino cS brolica otialo £rej£7:onto cnti Cinoly c syo ta l i i no 
pctcirJkil o£ IcoGOiy pccl;c«3, ^touoo, otEXJCfcuixjlooo moos o£ 
c^ f?!:co2' Siilcfi tip coXctivoly u l t h cocroo t o noSiiia <^'.ri2l"t':'^-
£otiritt.m. 
c;to th in Gcctic:io o.'; t l r : crccincr. Ccrcsu ji:ot obcvo t ! n 
cxitGCt oi: li::i:c3tc:::co c l t l i ti-x:: unCeirlyi.ir olwlca, .it.iA-' 
carbonato trciins^ CevoiC cS cay i n t c m c l Gtntc turc . Uho 
otciltlnc; ch:irartei: of. tiiic"3tC3no i.:cli.''«:; t l r ; \XiOs: sorti*-.r 
LIIC pcoacaco ofc* i o a ^ l y i-'iiclictl an, »3Cial>lo t©rric©netsu-s 
at^fc'-lxture cf p.JUiutu lalcu floizes U2< {.unrtj: aaud (Pla te xxr/ , 
ric;. r>). 
Si few tU.^ aactioua a lnca t 3U'^ -oc;uai'!t arn- auLs-rowndcc 
aedifiienla appear ao^rerjated t&csetber, f-toxoover, altnost softs 
Pla te XXIV 
PHOTCWICROGRAPHS OJ? JOUKPUR L1ME3T0KB 
F2G. A S>hut3jwlcrograx-h of hygroscopic a rg i l laceous 
rout'atone showinc weakly consolMated 
sedixQcnts with snibangular ou t l ines and f ins 
boundaries , note the grading and crude 
bedditig in inediuifi t o coarse do t r i t t t s* ^ 3^ 
FIG» Q Photcraicrograph of loosely packed, poorly 
sorted siibanguldr t o rounded terr igeneous 
admixture of tsinuto mica £la!:os and ouartz 
aand in carbonate sedijoents. x 30 
FlCm C Photonicrogra£.h o£ loosely bound coheiBnt 
agcs^Sate of caxi>onate and quar t s aand aedi -
monto respwiding t o 'pelmicri to* • j^ 3^ 
FXG. D Photomicrograph of dosoal s t ruc tu re fozmed by 
s t romato l i tos vrith do lao i t i c layer as dark 
inclus ions bettoeen coarse c a l c i t o . ^ 3Q 
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iCiXiC.^ir scc'llcicnto cccc3ivnctly cccur CD IcoseLy bcunc 
at€W3CStC3 of: c;.rbon-^t.'; CT£ f-uarts: ncif rsafiii r u t s . ^.%:ic 
r.coGSly bou:s'r. crc-Lio for-. a:.lC'~^2.j ccl'^ -occrjt cccsKC-ton u!:ich 
vovi cloGoly rooprnclofi t o •Ejotolcrito* (E^lk, ao<S) (Plcto 
mwCorXyin^ coarco t o racliuQ cs"elnc;5 oatl DDf,<3ioti i i roctcr ics* 
<2oacD4to caci ll::::3ctcsc io "TCrry cc^onijcuous. CtrD tt i to ccct lcn 
o«S3]f?aco ohoo- "CE^toXcaJ** (Ait ten, 1007) icislnQCiaRO Sn t\-rj 
intoriojforc<Q (3ol€Z3jLtlc 3.ii;ootoao. Vilto ot rcr^t io i i tco f ive 
eicQ t o a tf-picoi tonturo cziti tinr: .tolo^"^ t o tl-^oco 2.c:iinr.ticno« 
Uni>ir oicEOBCoipo ctiaxiiitolitoo oproar ctcz;a2 to ohcro i;it!^. 
c'^olonito los*Gi:s ca CGrk i cc l co l c in l-jotu^on COOEGO c a l c i t f 
Icpost) (L'lGto I2CIV, r ic« i>)» .^"•"JS'O iy Q r3Iif:^t cl^jitro in 
Pdcsofcclco entl i t vor^' cictjoif Ecoorf^Soa t o clo^-cy r d c r i t n 
mK' few til l : : oactlons ijlrc- Cis t i : :c t ivo "^irCa O^TS" ntja*'f.t«.re 
f i l l e d gcncruXly with Oiparry c d c i t e ( r i a t o m»l7, Vlg» C)» 
?la33ive Littr storm 
'.ihi3 irtaisive variety- o£ l lnas tonc tbo. tji tnost denwinant 
voiirr.atric.^lly on* u.yeful ac(A'.t.'U.h ally %ram€ l eas iinport^nt 
l o r jF©tx»«;raphic s tudy. in hant* sieciKsei. i t ai i aaxo as 
c^rk gtGY coloured, masaivei u l t ra l i r j - ' a t ruc tu re leas rock 
braakin^ with conchoi<3al f r ac tu re , pnc of t?« tnoat 
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ccXcioMtito rlescfTccI'^.o fe-vo been crixJocnSccfi iln tho r-uoifeo 
o:-3C;fcc3 oI^ Gtro vorj; Cteo caiCacr. tc::t:xt: cr£ o ccr::2cC:n 
acsr:4ao coici to c."iC oi2.t2o t'SCticS.ca. r^xo^'t co cctcfi £r; c', 
Sou uliCoiy c3cttc:rc!fl CoScnito cs'oiGo, csyotci bciinflcrico 
Gco c^ 2GirQ3,^ v I.CSCMI10. CesunCnoGn cr;cQ3ic3c3L2.y eo2.cn#.t irnn 
jc*attatf3t :;o2iQira cricite rirv'* fie* '^^'^^ 
vlixymi vixarltt" ia cl-:arcctc:ri£92C~ ^v cut ^unfoicc of I'liio 
;jvexllQ3 tl-«? fcrcfier clayey mJUrril*' rr.lcr< f^i«r:i©s cf Jc3d1ij.ur 
llrestcmf. In hittit m^^cXi^mt thh^ tiexk Xa^ettB ' f tnicrilt* 
ttltarr*<-ta v.'it r^  s i l^Ktl , ll^.^t cdo.„rai: ccilcisilt it#• Ia.".i!.i.o 
(!lat& VX, rMi» A), ihoti4Rlcix>^jraJill ot th i s mlcrofaclca 
Plat© XXV 
PHOTOMICROGRAPHS OF JODHPUR LIMESTOKB 
PIG, A Photomicrograph of micr i te with horao-
geneoua oxxt s t jnictureless mosaic of 
c a l c i t e &n(^  quartz s i l t p a r t i c l e s and 
sca t to rc6 a o l o n i t i c g r a i n s . X 75 
FIG. 8 Photoaicrograph of ciaae shaped atrowato-
l i t e iti QUari.a s i l t and dolcaoiitic l aye r 
with dark inclusic^aa. X 75 
FIG» C PhotoiBlcrograph showing 'birdseyo* 
s t r u c t u r e ( f i l l e d with osarry c a l c i t e ) 
in clayey in ic r i to . X 30 
FIG. D Photanicrograph showing intorlOQinatod 
m i c r i t o - c a l c i s i l t i t o • l ^ c r i t o laminod 
G^l^aro darkor in ccroparison t o pzB&cml" 
nant c a l c i o i l t i t e laminae. X 30 
A 
•wm-
^ 
'«^  
** 
- > * * 
• j 
• ». 
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•hows thtt denlnanctt of c a l c i s l l t l t e tn which n lcr l t e l«iiln««« 
oft«n occur as discontinuous irrsgular plsnes giving a 
thinly laminated appaarancs to the rock (Plate XXV, Fi«. D)« 
As far as can be discerned the interlayered boundariss 
between the thin crust of piicrite laminae and c a l c i s i l t i t e 
appear disc^itinuous with erosional p i t s showing d i s t inct ive 
rewoxkinQ of sediments. 
chertv Limestone 
It i s dolooiitic in most of the part <uad occurs as l ight 
and dark coloured discrete beds with rough and irregular 
plates in hand specimen. In l ight gxey-brown fins limestone, 
ca l c i t e occasionally appears as a crysta l l ine mass* 
The photomicrographs of limestone with crysta l l ine 
c a l c i t e shov primarily* fine grained microcrystalline mosaic 
of interlocking ca lc i te and s i l i c a part ic les . The part ic les 
axe mioritlc while sparry calc i t@-£i l l forms the irregularly 
•cattexed very coarser patches (Plate xscri, r i g . A). Chert 
under microscope appears verv fine grained and fa ir ly imifoxm 
in tsKture* much l ike the limestones. The s i l i c a cons is ts 
of almost cryptocrystalline quarts. Detrital grains of 
quarts appear scattered in the cement very often with almost 
randoRi orientation (Plate XXVI, Fig. B). However* de tr i ta l 
grains show ths i r orientation parallel to the bedding in a 
£ew MSQ»les (Plate XXVI, Fig. C). Most of ths quarts grains 
Plat* XXVZ 
PH0TGI1ICRCX3RAPHS OF JODHPUR LZMSSTONE 
FIG, A Photoiaiczx:>graph ahowing c r y s t a l l i n e c a l c l t e 
c o n s i s t i n g of microcrys ta l l ine mosaic of 
in t er lock ing c a l c i t e and s i l i c a p a r t i c l e s . 
Mote the coarser i rregular scat tered patch 
of sparry c a l c i t e . X 30 
FIG. B Photomicrograph showing f ine mosaic of 
chert c o n s i s t i n g of vermicular quazrts grain 
lacking o r i e n t a t i o n . Note the strained 
nature of quarts grains with %#ell developed 
cracks . X 75 
FIG. C Photomicrograph showing f ine mosaic of 
chert c o n s i s t i n g of d e t r i t a l quarts grain 
d i sp lay ing secon<3oiry overgrowths. Note 
the cracks and inc lus ion of opaque mineral 
i n t o quartz gra in . X 75 
PLATE XXVI 
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a^t^oar CDUIV'CS^ bu t D £GI-J crc; ''vonr.lotiS.o.s*' in o!"ac.-o i^C yossoaa 
ca^ .^-:;r3iU> « rcltui ( r l u to yzvi, :>l' • n ) . r o jo r^ tv c£ ruGEtn 
cccu!: in f ine grcincrJ oa t r l s : . 
OKio:9to3Cuo <2oicr>itlc ilnooto:io Ic jp ro . trt-io <Siot^j:'.ct:'.v ; 
Cc:)ti2. otructiaso cticro tho prcoonco o£ otjsccatolifcoo o£ 
ccctjic^o, <3oi€S3itic aicoctoao CosDO Co2x::Dit&£:ca E i^lcriLto 
oiCEoSocico «i^h prcilCDSQcnco o£ fiolcdto, r.oct o£ t t o 
irlxcbic CETj^ otolo oS ColcuitQ Giro cccJ^CCitcfl tocptbor cn6 
cuo t o t h o i r dbi2n«2c!3CO cni clooo pcckisiri orr^xias' cicoot 
c3.a:'3y to ^hin c^xit-lccso. ^1 :^^ ore Gtsffrciinfefi fpaQroJL l^jj > / 
Dic r l to CSK2 ccCGOiczsclly otXTvj o i c r i t i c incltiGicr'. 
tl-^ orifi:-:al t'i5:tniro cf: t!-o mod; cmC lan-^-j ac r lo rocry3ti>. 
l l i s a t l o n rav a lao rnsuXt unCor cjortciu rjet o l ccnritif^tu'3, 
ctmtaixjs dolc»nitic lln.i23loii'>3, l& t^o&ver* tl/iic? l i ros tonaa 
res-reaent alirunt an inccm-i I r t o dolar i t lEGtion «hicl. i<rovi«3QtT 
biandful opi-or tuni t i -s t r l^ jei investic«-tion QI i&ls^o-
envirunnicai 3 , 
IC3 
j^llOw ic; or^nto co lccr en coatl^^n-xl curCc-:C3o of r..c?lia; 
coc;.*c9 ll::ootcnoo trhilo Cissor t^raicoil ECVOCI Oosvxcr olir.€oo 
oC COICUE:, 'i'hD filetributic3 ol Coicnito in vcriouo cialtn 
o* Jlii'jctcno ^ ncjt irsr^a^ur C2<2 ffcEfco ficcn 2.0-70 r ^ r ccrits 
bif \;oJLicx)« "^ te) iCKOoti {Uait A) oC c o ^ c n c t o ECC!:O ccnoioto 
of Coicai to totorlGi-oEoC with or^i l icsocuo crjCotcno, l?fe) 
*'ci:yz:,tQlcol*' J^c^iinaticno hovo bocn Ocoryctl lis th in coc t i c a j 
An tho into£rlayoECH3 <3o2c::iitic i lnao tcno . Unit D ccmoioto 
o£ aoooivo llrootciso in which occctoicnol t h i a G&no ^scdncC 
<2ai::ior ohoCoo o£ icninotioa c loa r iy anClccto en isitor-
iayoriEsc o2 Coicmito uAth i icootcno, xm£oE hl^h ccc;ii£:3^cticn 
<r.olanS.to corKDirally conoioto c2 ttrj <2atffitol craino o€ 
vo}.X COVQI0S0& icolatod rhc::::2>oIr:<3ra tho t "£;]lcat*' in c n i c r i t o 
t^iatrte. Ts'X) rliaiSi»-ohaj:x:»3 Colcnito cryntolo cvox."aciinc- aaout 
C..13 Ein ahcv tmcloi ot c a l c l t o witirin ccict: rl:arclocl'ist ra 
Jb iiitoiioo 4u tlio ttj|iroot (imit c ) ol" Jcx'lrj^ir ?Jr>ostc3no • 
: nti^r mlcxXfBCir^Q tHi dulociticefl Q ic r l t o tccicfj ra^re.-jcyt 
a cJf^^e >^acl;lj"tc c;f Uoltanltic rhcsiJO, tcith ros t r i c t ad 
tiolu-.^itivritior; t o aarsocicttit": Crj.trl:s. 
te aatui© y€ dolc»?lto couXtT '3*1 CcterLlnot!! uit** fNs 
hoi; ul t!fc £«Xwli.-»at:4i ar:«; r?lf>ict ot nc-lwUtigatio'.. car: 
m i c r i t e . 'l\0 rof.lacensent r.t rlcrit<^ by dwl«T'ite I3 avici©ncQd 
by r^orrtocjbecru wl.it'h 3t'< w irtcluai .5 f.x i I c r i t c , jjc^nin^. 
1C4 
l^^rcseiico cf irolicto ia tt^ £oxm oi f e in t loainoo fsrsQ filocttoc 
nu,lu..a (Carozsl, 1960? nurrcF* 2L964i? PricsSE'::^ cna Ocmloro, 
1001 f '.Tontorio, IOGC)« Lto o r ig in of Colcnito In J©Gh:iar 
Llrontcao io not coXctcO t o c princcy oplcc£.o c£ pcoc ip i t c -
CCACIHD coEbcnato £11 cosrXy otarpo oC ccClr-:;ntct iion. •ETbio 
otGtcncat GICO (p to atgone o^ppDrt C^cx- tfcD ffioM c£>cocvc- . 
ticcao tTiVjro Cclcoito bcGi"o oro cccGoiccio2.?,y rciiS:::^ p2rc?.2.o2. 
t o beCfiing. Sto coccaGoiry Cooturco ll!:o Jo in to , ezachc cn5 
SrcctucQo olittM icCii o2 r;oot»«2oEOoifeicnQ3. assitcoi ow3r 
fioJlcait i c c t lea • 
cro cIuroctoirl5t4c o?; aur^iretiklai c:::iv£i:cnncntCe " .^'ITos, 
cuETosit oaC Gtoir;i3 iraoti cJJroot t^-^cntltico o£ ua to r whicli en 
o^CcOZcASJXi Oi.parontly r aau l t iii conccotrotlon oS [a„-igoc3iun 
tl'-at ci^coa phycical one. clTjr.5cGl cf^aic^rj in uxy-etn sea 
ra toeo for C.iircct prccir^i tct ioa o£ Cwlaraitc o r (Xitiva 
tXizAacczitmt of cc lc iua , ^-to Jiitcnoivoly otutllc5<f. r,o«J8ra 
yloriCo cI-:olf»3QhQna G©nl: orca typ i^ ioo tho onvironr^'cmts 
w!sDrc siich (5olar.ltteatioi5 io notcMe (.sl^lnn cue; cinisaEnxi^, 
1904# shJLnn e t a l . , 2965a,b), mch ocnral process of earls? 
(loloraltiKction him c l so hapn rrsiortcirl Cron^  gitpr^ati^al 
Qx-jvix'uij s,E.t ti\ .ioulh .»u3tr .lia, :'i5r3idn f'ulf, Bonaire 
Islands utif' o ther j t ir ts c l tlxi wurlti. 
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%tzi oti:^;/ of iD30lid>^Q moisCxio t:r3t:".ct:o tuj.o cocoivctS 
cucU Gttcation In t t o cooloficaX cciencoo ainco S.Gto 
c£ cacbcuato r©c::o o2 t::DOtcm r^Joatlic:^ t o t oc t t t o 
baoio o2 corEolQtIca b ^ iaooitabio sDoiCiiOo ia ttocci zctlio, 
^hD ocr.p2<oa trjro collcctct l u t rcnfic:^ Lntort^aJ^ Ici torai iy 
L.m, voEticalJLy fco CITOC!: t h o i r <3iotri23t3tl.ca. Si tV:o 
Icbor^.torj/ o i l t t o cruofc^C ircch ocrc^^o uoro ocljOlncfi in 
t he otCBcTc'.EiO n i^iiaGir t : i th riC.'". cnt' tlx; L-^ r cout (byj tu'clc!:t) 
o* tixi soB$jCvt03 mora cahs-.i^^tcC CCT i^arlctio GCJI-VIGD Crrx 
tl:£) <}4£CcrGnt litl^ajCcclea. 
cfxjiat 25 cjvcnly C'iatributca ocs~-I03 f.rca CcClr^dZ airiest i^c 
(G oC lalcrocryotuIUxso a rc i i i cce j ; ' o '. «f atcna, 6 of tJassive 
IliJi^sjtQne, onC 2.3 oi chectv utetl cTolrriitlc l t e23 ton«) . 
lii tr.e oi^uve l i t r » f ac i - s t!^e cfistribii t ion, his^^ ant amoutit 
of inaclublR resltiues Moa iri-jant^ roc" t u sttiCy t ! ^ l r csverall 
el-nir}C''ance. Zha data i s f resontf**! irj .'. ;!etjr.ix VIX* unr" tT-e 
ove ra l l r e s u l t s ura -^iv<sn in 'laijlc 7 , 
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MthoCccico 
EtQOOlVO 
r iCKcs3iTyotQ21teo 
CXCjiliCCDCLJO 
cai;'lctcno 
lijciccn 
Eotx r^ past 
^£l?cic pact 
«M* 
bo 
7 
0 
s 
G 
22.C7»39,D8 
^•20«2S,24 
i9 .CC-27.S4 
35»62 
31,32 
2.4,60 
2 3 . Da 
ccyGtclllxio QroA^3.ccocrwio craCctaio uidx^Sccioo ccr.toia 
19,00-27,54 i^ Dff coDt (cKTorcco 23.50 j » r cc^ t ) iiioolyblo 
Datoirial by Kol^ht of to toS osz^rlo vhich conoiyto p re -
c!:jractc?r onti po l la to oS roC^iob c l c y , Tto laixis ij^tt of 
caroiVD 143:i>ntcno io Ccr-'kictoC by blno colcvrGsT. c a l c i -
o i l t i t c laminae amd contain 2,20«12,24 (ecvcrcc© 7.23 .-xx 
can t ) wliile tiTa t.r p i r par t ci' tl-o s a e lit!5Qfaci«3 CD:jtaiiis 
4,12-25.21 (avarice? 14,66 M*r cout) inGolt±>l3 resifiuoa by 
we it lit ot t1;o t o u a aar'n l e . Tl"jcrc^  io c rGrvx:^.^)le decre-ise 
irj tlie qucmiity ot i«3clt.hl« ;?.o.tp?j:is.*! i:i t i e iia--?xsivcs 
limestone„ ftowraver, in the aucceaaivo l i t l Cacies not only 
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tVa t o t a l r^aentltv o- inscjlu'^lo tQ3i€MOo incroosoo but 
critl Coloa i t lc tensco lii::cotGno in t i n i c r o r j:;crt ccntcino 
22.07-39,90 <GVor.:.CQ 31.32 r-^F cent ) t£iilo t^^ t23;;:or j^iSt 
cL tI-X3 ccr::o iith^jilcG^cr} ccr.tai:io 30eCC-*CC?,<i CcrGrcr.3 
30,>Ga :,o£r cen t ) iacoLtblo cooidvtco by troic*"t oC tlto to ta l . 
Gcs::pl.o» 
xji^lch o ccetocat ccctaaakifeco <Kar3x3iri can olooo* lS63)o 
S?I^OGO VQs£,dbloo ofpoiKito witih o cot oS oipcl f icd pscconcoo 
one'. psctSxjCQ Q c^iirGCt•.I:iotdc C o ^ o i t t^zit Srrpraato oc:.:o 
bo dc^fisioa CO **c o^cssDrt^Iiic u n i t 4a uliich t^or'joiticn tcz-.Tia 
plficc" (Kelnoc!: onC oiotli, 1973 )• A c2S<xc« :^3iic uailt u^itl^ 
witi i;. c brociti envirt)i(--cut« 
nroadl:^, iJhyfiical, clisenicol cnci Molo^iCGS, fac tors ess© 
ralev^int ctwiranp^ntol rairaEBtera. '?te Infcrance about 
€i3Cerlv.inc<. Crop, 3«?.lii'Sfint.:r7 structure* otitl sediimant sir^e 
c lue for ci^.'t.ical V4\ri£^5ics thu t exiatRt.: c'.t the t i c c o l 
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aoKllRFrntaticn, DiolofjicQl end cltectifii ccffl^iticno coaUl bo 
ciiiliiljiiot^i %:SX.f'. tKs bcXr o£ f&uicl cn<3 f l o r c l casantsloc^j* 
':.Lt^  coucort c^ :! cecioo c>-cncGo r-cs^^ce o roosondaio ^zcaT^ 
l o r cocer ta in lnc tlzj soCilnnnfcory t ec tcn ico (nooeo* X949, 
1907# i:^ jiEi>cr C3C> t:c£c2ro« 19D7i? Col^trscte 2C0€j 'JJOI:;::^^ 
SCCO? tXiZ^soto csfl 03.000, I1DG3). Lctoly, cr^cli cz:::?l:Goio 
Ittoo tJcca c^'^54 t o rcxoaotruct o "r-S'cxjcso ireoixoco «KS2OJI** OO 
I^sQ Exl'ocQ Ci;::j|X!cCv:oo Ccr crw&ccr.:o:::tol. cnclyci^^ c5 crsclo:::^: 
i?O0:s2>iGKCO tjith thoiff CQCcat coiintorFarto (colioy, ^968, 
1970 )• rscny oC ttiD ooci la i : tnDElXiro h^vo t r l a 3 fco tsoa t t e se 
cw5.sc::rsQal:n (TMIXJIXJCOI, 2>932J CurSbur cn€ r^stHcoro, 31967? 
ttsMcff, 2.960; KKtctsoin cntS nic33. 1963? r o t t i j c t e at ai»# 
1972 cniJ Koinoc!; cnt! Oincl^, 1973)* 
Clro crrciropxssntGl ECCC, n t r u c t t o j at" t t o 'tfiiic'hycn i:xx::ke 
ill iLo rrcGcnt otvCi l o baceCl c:i c^Oiwr/.hic l o t c r iTc t a t l on 
t-?£ I 'ottor C1967) Qnc2 <2otailc(f^ sclcctei': proCiXcG of j^rocoso 
rD3|»nsQ moQQl o£ Kninajoia cnC Sloaa (1963 >• The i a e o t i f l c a -
t l on a t depos i t l tmsl eiwixi^cauieiit of otiiai£f2 vlnf'hy.^ rocks 
fias been n.ade Kit!"', refereicc} t o be s t l i l t present day motelo 
ot vdirious Qnvlrc»3«tents# 
l i e 
ChacGCtoristlco o2 Plttv'icii 
Depooito 
d r j cncicnt fliAvlcl cedirorts ]C:COGOCO pecul ior (^cuoncao 
C3S?:cil t j i th v o e t i c c i CHJS XctoraX ^yariotic^o in CJ^GIB oico, 
Gto:ctticco cr!:^  t t e i r era (pcrrjtry, f::x:cv"or# tho ixjoli:) oC 
£Xa7la2. Gopaoit i o brooSiv ^tvAoSblo ic:t:o feliroo C ic t i nc t 
crcoixs oS cc^iconto dotP^o^tcfl bj? o t rc ic t i t , beaiCoa o r 
Goczx^oirinc; chonnols. Cash CS"^^? ^ c!r:rcotc;rico£l bj; c cc t c5 
ccrtfiiticQD t t o t Givo g-lco t o cosiioin colicEit ficatwroo 
colcxtcn^ t o f i t iviol ocn^ baajico. r^rccsrar^ grcOaticao 
bottTocB cno r^ttotm t o onotbDi: oico CCCI\F Curinc) coOlc^ntG-
t i C n :)I?3COOf3. 2hD EOGUXtinO C«^«COCiCCf3COQtO f r C D GUCh 
rrcr-r.ticEi r^^ttcsiio Iccii'x'^o grivoir c^irl^olff EaDint baco* Ir^yoco* 
A.«:i»ttcrn3 P'lvo atoo bcm c l c o s i f to' on t^J^ booio ofi c":::-iinol 
sjtoaoait^ (r«^sio oS cKinuol 2xjnrt!i t o va l lov latiftli) bnx:<:?ly 
intw tvjo typ:;08 leu chtnnel "inucoitv {bra4<2ecl r i v c r a ) ent 
hiO^ ulidsijel oltjuosits' (j:©an<5ejrlnr r ivojrs) , rX3tc!i j : n t t em in 
onciv'ijt. oonclo i s rccoc^iocO h^ t h s churactr^fflntlc depos i t s 
(SclTUiain, 1963; t<!Opolt3 c t a l . , 19641)• U « nediiaeiito of 
low ainuQsity r i v e r rec^^i^^ ^^ -"Q cl^areictcrieed by lo. ftr 
troucjh aha-ad 0ro3lG.ia2. narfcca cmO chnont flat t op , well 
devol'-'iet l a r ^ - a c t i l a crosabac'tiij-jfr, c'aiTtiiiunt f ine orainod 
tlQ^K^sits a t the to], MTIC ver^- ncxr.lruil fievdtatic.'. oi palaoo-
curreot j a t t e r n . The inearK3eriii^ rlvtst de. -a l ta , on the o ther 
:n 
hcuKl» ara cVLxcdCtosiaeQ broc^ly by t a i l o r oosKfl Ix^:^ of 
cooKoor <%paiit8 occoaionally oasociGtcd tJitli f:ino channel 
Ciiri €lC2;.CGity, nctr-ircl lovcco nrKf; ixjint b a r <2o::?o3ito crS. 
GSOoiGnal OS t i » u t ^ ohajTsQ booo, ctasTcat 3Lc:i:inatc6 t?icno 
hcCp CMo grotooi ccst^ lcriQCo with nicco<-CEc;:o icniiaaticaa 
ccS CtoQlly 02sCEcc:^ 2^ i7 Cino ic^inctcC ciQi;x3 c:::t2 Cino crci jct : 
ocnj3 <l=iDioccli onti Otoc^, 1073). Dy tlrj lostp* t t n Cininc 
ccdtoonto bcccm rra^ro i:©or3.y cor ta3 uirjaEs3o« 
t'lcccr) cC t k ! i.-DrlC c^^ncrcS-iy otr».u tscr^th ohc:;?ar crosivci 
baao God cteoat terteoutal t o p , '„^o Cininf ur^ tJurClo c ^ l o 
t.ccar in tl:cr;o eont-stonc:; cliaircctc^rist£<;a3.2.y, but £lno 
CirvMjzH^. GCK''ill's^ t^:; v'.I'ji; a, '.tr r srrr«^! CMQT tv co^rsor cJ' nao l 
c e ^ c s l t s . '-Hic rr>Xanott.par,ra:-!i7 fcfrof, cacccrr-aocsa t!x; 
fistributiC'H niT ccnglaiierotca, ixc2^ fragmentn an?"» c o a r ^ 
O'tstritus c;t th^ bcisiil ic:irt of ouch concstcno dex^a^^o 
i'jklllm.B, 1969). ':«ch coarse cjiclnnt t^etritti^ general ly 
ap r -c r s inht^ R®c*«Jacouo cnt! t!isic, l a t e r a l persistvinco hQcovtzD 
llsilteati, '^ lit» cjT^ciort nanC?3tor:Q htxiiBi2 hixVG rsaldcan been 
iUentifi-'t; tc, covar t t e wic"th. froRi lew Tnetors t o tnoxo t l an 
45 Xm with tbo t h i d ness variablwa rancinc} from few metara 
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t o Foro thju 30 m ( t e t t l j ohn o t al ,# 1972 )• EloKJcvcr, ouch 
i;ci:tii:c l inoatiori end coiwo2.*ate bc£t3teco Hxi thlcr-zacG! o£; 
croocf3C3s2'ji22C3 rcro ly (sscocTo 200 en, trjti CKDCC£3CC'.O vlt>. tlici 
o€ UE^Gciio (CccEOGoinfi thic!r2oco whicli j^ .-rso era i u to i:lr::lo 
prcaoD Ix;do, Cho r-Q^QGCscurrcnt clcta at"ixj tjcssvr ^ii>ltni: 
vcrict^jciio to (^.eviction oS flea' j:x:ttcro £n civor ilopooSto 
pattoroo ACCDCC 4O coiro CoLirant in [^ecr:j3oir;too s^ivor 
<^r^oito ( ro t c i j o to , o t c l» , 1972). 
u l iaroctor is t lco cC mtocSo l t c i c 
syntt'-eais hvint,^ irXv tijcxxs aevcrc.l oiacK>ritl?JU2 \mtto, 
llKa t i d a l fclats 4anf lacoons, r M u I f l a t oec^Ju-cnts 
doveXOt' i • tJ?j is:jt5»rtM-aI $iune alaat tha lutioons, estUt^ries 
ant- bava al;ecteci by lailti vravo (CiCJttoa. i-a^oons, however, 
i.-oaaeji'-j a res t r lc tcci conaoctior; wit! 30t' v*nt1 occur aa 
rolativc-I^ aliwilQw water bodies rroiectcH' by b a r r i e r 
fcwactes o r a p i t s . In th« ^-rsaent w r t h i s ©nvironmant ia 
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mainly relvitCK^ u i t h t t e caiSxmato Coz^ottOm 
r iCol i- lats 
'ilKD ti<Sol £lcto l i o en lou lyiln^' coooto bohioi! banr io r 
icicritio c!3ti or:r^zE: CO n prcC'cct oil: "c^CitocD crr7ircr:rc::^wC^ 
aeci^^xxi botit:c;c:3 intcrtS^lcl c:r.C3 (La Porte, ^907 end Hoehl, 
1967 >• ^ i^y fcc^o been ClvMcd In to thK^o Cio t inc t Gaf>» 
cav4rcn!roato bGG3<j ca io iy en cctiica cS ti£!co, CI-^ Intort&Col 
ci£>-c::^iEC3r:cnt; £loo caitolv bcttraci^ t t o C3cz:i lci>»tiCo cr:;" 
cocsi h4c^«tifio ICMQID in which tVxi tibial cuirroato p»o£wco 
C~3lMco cn<a chonncloo Tto Gtaprat^^al crJb-cniriEcnDQSit; liGO 
olc jo t oat o£ tliD sDccli OS thD Coily t if ioo. C1:D ai^tiCGl 
GWlc:::::r::ont in t^Jiicii tho cscfiicx^to cro Coj:x:oit;(^i IX)lct7 corxa 
Ic^; tJlt'o Gt ttio civen otaiit; of cca luyu.^., i:i:2Cli sub-
cnvircmtjnt i 3 chas-cctoriGOil by a cot o£ c inora l conposi t lcn, 
t e ^ u r t i i^nci etjmcturo o l tlrs 8Ct:i[nt:!r3t» ^1:D intoctiCQl r^ iono 
occu, IGS tLe limCuasC ^rctinr iQ-j^i.ii-'n QC low-tii^o eccie ci^ sC 
r ip r l i J i ? . ':."it^ €il channoli axsaaloaul ly /ixx^uce l inGar bac'2ie3 
o t c^ j^dbojn , te saocls 4n ^;hich bedsets of alMla oaC cluy a l texnute 
tf/lt*-: tiavh o t t e r . i:i3rtl'ijr i:i th3 !)itlx?r i>arta ot intmrtif.JL 
vxmm, geoertil l^, stjDocaatoliteo pri^ljxiiaiitc. '^ TK3 bedclint 
ourfaco in anpratU^al sub-caavircarnent cxrcur wavy interfuse*' 
by i'iijc sllt/nnud bedding. 
'i'he S44!cific v e r t i c a l smmenco uf tid^il f l a t s progradea 
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caC mipsot i^ai Bf^ismnzQ trMch ^r^xj acio cx^a^o tljo o t t o r in 
L\ i^ 'EOt^ QC t^ioii oeruooco l e t o r a l l y , i-bD t iGoi f l c t GCiliizGntc-
ticn &a a££cctcCi tnalnly by uotor lo^ol CiCSorcncco colc t ivo 
t o slco cs^ O f0.2,2. ci; t t o cca ICTOI, 2£ t lr) ccto cC C3r;£r:xr-'-
C-.CwiC3 &ccc:ioo CcGtcr chcn t t o ro2..-ti£.vQ GCO Hcvol r i c o , tI:o 
tfclQl fJlatt cn^iroTiD^int u i l l to::C t o t>^ccffci-o CKDCUODCI. 
£:olctivo3.y, 3.1tt3.o OGill:ncnto ccarr::2.ctc ^r t l ^ uotor Jct?cr.1 
Ci»:nc30 occur Qcotcs tttra tlrs ca2i:::x::iOot£c::i, ^I^D ciiQirn/ 
oiii troiioi?o«t rochcnicra c c a t s o l tho cha rcc to r io t i c 
diotirlbtiticKj of cc5lc;cnto in t i C c i f l c t o . tcufiy intost i i fol 
Cioto cccwsr Roosr bic^-'^o^oj? ASjao (Gtc«?cncoa end CoDcy, 
1950), ^hio DOiio c^xncco in to ccniSy Jkitoetlclol Clcto nccr 
JLctf-'arotor ncno, t i n tr , inQiticn ccno 2.1ca iii boteo^n tlx.) t;jo<i 
srcny cn::eh cxiStplcs COZB L'lraa t l £ c i fIc>.to of rottesrlcnCs, 
lagoons 
lacr.ons are btx'iei; cf c j l a t i v c l y ohcricjtr water d e i t h s , 
seatricrtm^ Ir.o.;. ti)o (x:-.\ui bi- c dioccfitisnifx.'s b e r r i e r . Xl^s, 
the t-uj&uleitt wave cncjirg*/ i j j;rcnrenfc(l enteriiu.' tfe: laoocaa, 
1'lm)i sbuw r e l a t i v e l y lar?:a I t i l c ra l casten^-jiona. I'ho 
c r a r a c t u r l 3 t i c l agumal »©€ficK»ul3 iriclut'e both t t i : fresh 
water aotiijnotit'j frcxn ^treawia t^ na s a l t water frcjo: the aea 
through t i a a l i n l e t a . The a v a i l a b i l i t y ' t sediment supply 
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crC vrcter-lcvol con^.4ticno ccatiral t t o a i o t r i b u t i o n of 
Clir^nolG aro tho ccaopi02CU3 oori^l^lociccl fcaturoo oS 
Iccocao trhlct) intocT-it tcat ly cocoivo »Qtor o r Cs^ up Oco t o 
bcccuco o£ t t o liicli o2 covo caoscy- " ' ^ oct3in;cato ccaoiot 
o2 €lat t ' c rc iotcat m 6 o r o i l t y IcDirictlcno intcccolotcC u l t h 
cc:::% lo^-cro. Oich en or i r ls i ccccooitotco CcjTOoiti^ti o£ 
cct2li::cnto frxn cuoicnoica CSK" csSditicn o£ oond (Susln^ otOECia. 
T^hD linloto Com tho paccocp^uy bcfct^aen tlrJ o^si coo cufi 
I c o x ^ end Irs It. in cQtor-onchcsiCP bottjocn thD t u o . nx?05?or, 
iC ttio XGC^^C^O OL-C of Eootr ic ta3 ncturo, o co^iucino crivJlnn-
rrs-^t cr'ni.tpo ctuo t o t:;o ubGcrtcc cC Cscati uc tor aoccciat loi io. 
l-I-^ j vjiicicDt loncciiui G€^lM"on'cci bocr c clcoo o i n l l e r i t y c i t l i 
tJx" .^-', £.l^ *t feOfonita caC, cro f^ rc rc l ly cluractcriset^, by tl^o 
^vjr.3ixjtr-at 3v5n', :,• Xviiorn u:C c&uncuiiC'j of UC^XJ r4 i : r le3 . nxj 
£fc»o-ir.t 3tiX'"i'-a /xisec! on ucxloro l^c^^^o lu^ro prcvoc'^  r j i l tc 
l^elpful in c'epic.t4::C tho ro l c t t o i s l i l p ^Itli t!rj tinciont 
legtxaial dc ros i t a (Van rjtraaton, 19S«3, IS39y Fcxjre, 1* 55; 
'ite^^art, 1SS6> ::c&iro onu txsruton, 1S57| fltKSj.-)a253 aiKi nuanak, 
1957? liuiibGr onU HoCgnro, 2S57j r a s t e r s , 1965| .Mvia an^ 
t-oK, 1*^ 72? l!QCkfc»l, 1972 K'-otl L^tvix one '..llllam, 1975). 
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ccoup 
joCl^xair ccnCotcno 
Vdbki 8. A o^Gtocctic «Soccri|;^ic::5 £or occh u a l t coC i»2.Qtea 
iX^otG^Qg DO£l;o tfe> i n i t i d t i c a of Vin^hi^cn cedicrintcticm to 
ccr/ccst with unCoEriytoc AirciJ'cXai oaatoo, cs'Qn;ltoo cmil t'Gicni 
TiiyaS^^oo c i t h ccxccvo crcclvo l^uco cr.f. a lncs t Icn^o l i t .o 
^Gi!::otry a t tl:o upix^r eurfacc. I t ol^ ot.;o sosradid^le variat iccj 
in tliiclmoG3 ocil (SioapL'xx^ra I'i j laccia out) ixiciirn acciin u'cas 
baco*:x:nt tiict^o. Tto ui-: cv r n r t rC tlx) cciiflcF^er. t o raanfs 
^oacrcl iv ^^ t^-^  :!.<^ixitly bcCfvCs"! cscroD f:r*ttv cGi:t"3tonu ' Jlt'i 
cccoaiu ic l l©i:i-;a3 ot c r l t o GIK" Cine; GanfotQ^io of laccl 
ex t en t , 'itje i toit contains alisost couoOed t o s»3^-zoun<;tu" 
cou^la.''ar. . tes cajr«utt5tl fritli olipcat osfi^ JO'ittir^ ' saTiUy anT 
a t e ccng lwera t e ctmtamln^4t;.»r v'itli jjubu-tture matrix arjn 
ntQta»tu,-jif: matari^ai cloaely reaewbi.js \^itf> channel lag 
dejx>aita. such dei^Dsits »^ '^o a i^ rcwauct ot rapid arosior} and 
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1 O f A tl X •2 
SMOiSaHIl HAdHOOr 
a o a 
UMOssawe HOdHoor 
XIL 
rarrlti CQ'j^sltixm (iORjii^oin C3tl 0iO33, S.963), by feat 
£lGt.'inr Gtrcar;-3# in Q bcclsj uJ^om r a t o of s^siTencc! t^co 
l i t t l n hiC'"^ir» '^^^ clcGto ap:.cj.r t o lx;vo txicn ("lopSGitci^ 
1:3 Gtrccn5 clmaaoS^ uhcro io toro i t tc rs t coasrco cs"Atty tntOElQl 
i:cD c c ^ t l i n c . S'ho orooicaai loroj: cca tcc t a^M bcocl 2.cc 
cc:ic2x:^::^2^cto c::eCPOt C2i:4:;oitic:3 tr:<"0£r li&c'^ x:ot t3n-:oir £2cu 
EDcizrio CsroCoiy bc^iicd Essbbiy cnti ccitt^f i;ciEt o£ t t o 
ocndotooo Invlng ccouccd cwrCccao cn€l cluatciro of crfJcCfefl 
c looto ccgGBwCd t o hctTO been eoiponAtcC XITJCOV ttrD in£*2.uc::co 
o£ chcnnol Sog o r b a r cu!a-cnt)'AECo::::cnt (CDith, i070)» Cucb 
EJdiibiy ocnfiotonoo hovo oioo boon roportcO. Crcsn tho chcnnol 
bcffs of t i n r lvoro oS lew oitstiooity. Cho lorcpr c lcc to 
jEOportc^ iipoii cxjccuroo t o d>o«t 2.7 CD in (2ir:::cnoioa, exich 
c loo t i e <2cbris ccn only bo t^onoii^octcs?. by toErrcatlol bitt 
obcrt livQ<3 Clc-^o i'iX-.t cccuff en otccj-or olo!:xjo Son:zi& by 
tl!0 otroc:::!o u i t h hicl"-^r fiiccharcp ( r ^ t t l j c l n , 2073). 
t?nit n - cits hQCj2 c£ £'lct hcCdeC. auiCcstanc3 c^yorlio t!:?:^  
( , r i t ty caC i^i^bly u n i t (Ualt i\) cr»6 eoi.;r.-*s2nt tho Gtiri^lur 
£4nl:4 -^uru-ccC cyc lo . Pino t o ceiSiirt. sondotonos circ; f l c t 
b0t5i3iiK''. in tlio lo*^-cr ourfaco criiti lur?cj~oc.,lo i>lauj:.r cxxi33" 
betit iuc ii3 C"DI. iiJwHt iiQ s o l i t c r y ootc cnt: rare co30ts . 7l<it 
boticifcr sut/wst-ono c^norvilly hoc^sii^'a t h i n rjcdouf unt: f iao 
< rv.ir.ic Ui-warc! anO SIXR '^ r ip ido cn.j.-.-lcit'JLrictiojj noar tho 
toi . Oi- tl.si aveicige the acini.stcwieu ^re ruatute, well t o 
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ua^oCiJtol^ sosteC, t^aitlvoly olte^cC » i t h o loos prssoinant 
C(2Vo3.0iC::c:nt c£ HXat bcOo nooE tho fjoxi* Plcncr crosdbe^a 
occur in IsolctcC coto cnti raro3.v ^3 coaoto# t t o tMcIricco 
teaoruaiy rcncpo Csxsn iooo tl-Jai 4 ca t o L-OCO ttioa 20 CD, 
Sa tho Dl£<21o c£ t h i o ^ n i t vcricrao n^i^-j^o cajf.io, incJltxJcic 
ciiCzrotr^lcal, coi,trrctrlca2., l&nipitloiC, ci7c;::o«:rir;;:p2co cnu 
birc2:cI^i:3C ^VP^, d30i3ffi«3 tho ocniiatasjo GVjrfGCo» rroccnco o£ 
icisoQcopaEOn iii<3iccto Co^^oticdblo cc:iC4ticno CCF tfcD 
csiiotonco o£ liCo cJuring t t o <2o:?Doitic:i oC t h l o CDit» Clr) 
nli;c2.c coc:;o oC Xca c:2iE>lit«<3o ol"ctJ oto3>2.o Qo^insotsricaa. 
p ro f i l e , tlio riRplo in<20j$ csnoraiXy raac3 frens 3.00«3.3,C. 
Tta CEDoto oS o^xr^ateksoX i:ij:^lo oartto aso Ercunfefi cnC 
orfciiiitcC c t riclJt mvXoo t o tlra <31p Qcloath^ cS t t o 
CEcadl5<x"c?inf'. r i c t I^ oCo OI^G;; jxiirtinc l i aca t l cno i o f a i r 
dmisiwicc. '..toco ot-3tGaro en cccaoisxaai Cociroaoo in frali i 
3i'/o i2^wGix"c in tl-:Q ccrticnco <:i:cl os"Q^^ <^2.iv pcoo i n to cvor-
lyjbtf, clicroRol ecncTotcno r>t<r.i'i3, 
-if'sc; jK23i«3r;:ro r^ Xrs -y.i'.nt i n view c:i eSscve L:2ntionc^ 
X5c4i;t3 i . . t ' i^ctc t l :at t!:c oantistaies fetJir: laici <no;3i by t!"> 
strca ' .a o l low channel oiauoGitjf. ':.f^ constcnt iotoirvl 
ntitratior. cava ricio t o latoral^.!/ cx tcas ivo , CICJUJ GXHI 
tQxX-ui: Al\ Sut^ture sonc'a (irycr# 1960^ I'e^ij-nl, 1962 onC 
^•llt-n* X9QBc)» Ll^ filixt foo^. tninoport ocMcv.Jd In lower 
J a r t of tl-r uvier f.lm: tef^ime. *'fm r l u 1«53 develoi^ct 
UR^Qr lower t l ov rat line suctCf^ ^^ t ci point ba r o r ig in for t h l a 
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Unit (raK4j iinC L^atoestock, 3.965), 
Pni t C « I t cx):^i^lGOo coirsly of ch;inncl ocnCstono bcxliloa 
of VQEyin^ oico un<2 ahaz^t crsotlj; 2octP* ^-iccsoto end 
coolcGCont Xctoraily cn<3 t70irticciily. Ccch c5 t t o clrrsrsol 
fiili sooto vlth en tncccjgoEccblo cc tr.icicated hazo c^- C3 
cziTjDrrZj/Snc, Ci:cr.nc!i boCjj. Mtn Unit u, t t o otrcno 4ntocnG3. 
orcoDiootion c2 tho clramoi oc£iJ?.3tcno cot^ ucnCD Coras a 
•eiBinC tipjocO* cycJD. ?hio foaturo I3 bollcvctl t o bo 
^ icc^oot ic o2 cha^cl-fJ&AX orTic^"!* Cri t i n oK^rccp t i n 
cc:::5ctc3oo in t h i o t lalt QEO ctab-oaturo, vroli cojrtofi on^ 
j?&oStivoly oliotrcfi. *2trD E*SOCC:DCO OS orooicnol, chcsaolo oC-
varic£>Io oAcQ» caetiOS co£:oatc<3 cycio of u^^asd Cccsoc3inc 
cs^acfbcCo CIGO cnccpct a j ^ i n t ba r o r ig in li!:o tl:D unilorlt/liao 
uni t i; *• V his Oalt cono4cto c;l ^U;rC: r^rli'.iob t o cbxx^i t o 
culQiir reldt^^'.'i"' ix'-l;: bt<i'.!ec. B*.U%;/ ob-jil'^ a cntl oonCotoS'^'S. 
' l^j 3«ii;« -^ 3l\-.ips C.is^.'luj/ ».ilii:u3t rnii^ori) c'larcactci: u^t" loclj; 
flssl?,© p a r t i n g s , fibinvc:^ tlTs IntorcalcitGc' 3am''3ton«-3 
uro viTJjccictt^s . i t s : I c r t o - cmC o i a i l l - o c l e crcnal^e^lfllnc- u n i t s , 
air> Unit consiato of '^ ..-SiatiotPinGBt r&R colour, ciatiium t o fino 
c l . \3 t ic3 KJTJU va r io tv oi? c"ivar3e<S tF^^ ot sodiinrrt- ry 
str.tCti'Xoa a i : o f ine Xunin^.tions, rij^^Io snarJvs, r lp j 1® croaa-
ImiXn t i o \ s , itaajl criic^a, ccwjvolute Idjnindtiona, f l u t e and 
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raro .oalt r^euCoE^rrJia c^ nO. th in cl:ort hod, f^oro tocSably 
seCSlaii Ci-iieGfco*43 concrotioncry Gtcucturco tcnC t o 
t!x! ciaiJosr ccccrotiouo coolosco cc€ fTcsn c t!iin i£:z:aro 
ain3Stcno bed (tw:3it i^  oC tVcClZ'in E-irxiatcno), /^xnC'^^t iiiC 
crrcGl^c, cis3rcCto a^ l t L;3e-Ci:*^ ::r5i:iPto iExlix:Gto thorough 
cssiiicttori, ecoiccat icn cocl iss^aorial ci:^-cr5uno oH ocnc'r Gti-:^ ,o 
(SD .^'Doito. 5?^ o cosi£)iDctlaji of: EQ3?carr) c2,c:r;r.to cc^^o t^."l 
ili3 bcCilinf, c in rcc tc ro , Ccr^tt^ro c3<3 otn:ctuix;o oS Sino ocr^Sy 
clialoo EGGc:z±>linc! tho io^co (Sbgooito. Gcao sccont fa.oc%l 
IPAain Copsoito of Diroteraatra r i vo r (GslcsDcn* aoOD) cnt" Ccc-ti 
ffiycr (coincch c^C oin^h, ^973) csiMbit aSrioct Gic i lo r 
co€li:ucntGri7 o t ruc turo3 . n^^ n Cootoscn i i l io Go.1t ::3eurcr3cr,.Iio 
of ttvio tJQlt trai' macr-st! c!:a22crjf ciarino c r i c ^ uMcI: C<JZ ISG 
em: loisar^': oati:;^c.ctoriiy i£ i t io csaiir^ocl t!".c:t tho sui>' 
acj2c&isi3 one: 3i:5J>«^ricl confit icr.o ra:/ cl;iu c?ovrlc>j hi. noiv-
:>^iri5ie cnvirDnrr.t-'-^t'i* '^y.; r;;.i:t ti; :-<>lC due t o £lc3li f^oQ^.s 
XXI iluvL.l jxj^jine, fe-attsr cca2aiUl^'t:>3 iii lew Is^inc cztJas 
ciakiaf t* er.- clonic ijtiC if i^atcr rxi«:^3 up le^ivorj a a l t encru3tG(2 
secliJiJQnto e33€«ivit9il gsncr.i l ly witl; riaci cracho (::fjiof^k 
ar,c: ,->lt:jr,li, 1973). 0 .^ oa.'ioci, tcfn redtJiJal-: Ccilcareouj 
cunt:retit)ii«ry s tmctur ' ra firr tlxjugJit t o cui-xntmut a r id o r 
3etr.'i->wtiC conCitiono (ket t i jo lm, 1975), 
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Jodhfur Llmest(»3e 
un i t h • The u a l t i e Oominotod by red colcurod f Ino 
ergi l lacoous CQifcosiGto ciudotoao. Tte ^conco of ^ove.forroofi 
s t ructuroo, dominonco of isediura t o tiao c l ao t i co , proconco 
of ohalo frcGEnato end high cx^sunt of incoltiblo roci£uoo 
(2.0-27 pQS cent by ^o i fh t ) o t t t o bcco of tbo Dnlt polnto 
towQEdo o^rorall very o l i ^h t ly high onorgy conditiono with 
looo ^Qtor tuj±>uianco» Thin beddod EnidotCKia bocoDss icninatod 
upirardo end ohtrcjc corru^etiono end arching forcod duo t o 
sodicont binding oigal mato. S?h©co aoto occur oj^rodicol ly 
in tho oiddio port ion of ti^ un i t and in places sho^ d i o -
continuouo* brol^en* diolocotod and rcndomly or iented 
icDinco, '^hiXo o t tlK3 top l i no loid f rac t ion of lentinQO 
a^pcQi;^ do loBi t i c . 
under Kdcroscopo th io un i t coraprisoa in t raopar rudi to 
oicrofaciQs containing tho Qdmixturo of xejQolsly consolidated 
s^ imento p a r t i a l l y l i t h i f i e d with tho CQibonate eedimonto, 
Zt a lso sl'ov^ f ine laiBinae of s t r a n a t o l i t o n , b i r d eye 
s t ruc tu re end oheet cracks near the top of t h i s un i t with 
s l i g h t change in microfacles resenibling c lose ly t o clayey 
m i c r i t e , i t i s prctoable t h a t the a t r o o a t o l i t i c laiRijnae 
have been bxoken due t o the development of des iccat ion 
cracks during tho subaar ia l exix3sure. The presence of 
dlslocatetl antl randomly oriented broken pieces of laminae 
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Indicate tho act ion of grssvity. Occaaionol appooronco of 
brokiaa shoot otiructuro, b i sS ©yo ot jucturo end cajjpreclablo 
emount of torrigDnouo rootoriol* oiifl intorcalGtcd dolonito 
points toiJQiDas DuprQtiaai enviromr.ont. Tho tocont enolofjuoo 
cbsorvcd in ouprat idal oe^iccssto oloo prc£wco tho o i n i l c r 
otructiiroo lilio hizd oyo end otoo'o crcetio (cMnn, 1968| 
OMnn o t Q 1 . , 196©), TSio caaditlon of torrigonouo cmtoriol 
(3urinQ tho opring or otozsa tifioo nay bo oi t toir by tjitia, 
otEDca o r by p rec ip i t a t i on Srca oca ua to r , 21io Icck of 
Qlcci csato Qt tho bot tdu o2 th io Dtoit necoooarily inaicatoo 
tha t tho condit ioao tsoro not Goitcfl for tho fiovolopaont o£ 
ouch n o t e . I^awo^or, in l o t o r i^ioooo, tho taid^llo port of 
t h io un i t cj^parcntly tumca cui tcblo for tho davolo^nont 
of thOGO caato, lo^cn (1961) cn^ Xllinc!* o t G 1 . < 1 9 6 5 ) 
hov© roportotl e t r aua to l i t oo p r t o a r i l y frora high i n to r t iCa i 
o r low ouprat idol onvironmcnts. TIK) Jofihpur Liicoaton© 
exhibi t s t y p i c e l range of va r i a t ion of tho colour of sediment 
which Is helpful in diot inoalohinc tbo environinonts. ?ho 
typ ica l red colour of caxbonoto mu^stone of t h i s Unit i s 
consit?ered c h a r a c t o r i a t i c of oxidieecl r,one during a prolonged 
exposure in supra t ida l eone. 
On the b a s i s of oedinrantary s t r u c t u r e s , t ex tu re , th in 
section anolyais , a lga l mat s t ruc tu re s and colour, a 
c h a r a c t e r i s t i c high t o low supra t ida l envlronmsnt may be 
suggested for t h i s tJnit . 
JkA^Tir 
mtt^. ;1, « ^t^la unit of tlJioCiiri r £lsr;stG3o ia Con^ctcii 
ri:jt:!:TJQC# ttD CaDiE>z.tsXi of Cfco clcscfcoe erf Z^U2.ZTJ?Z 
tX30fe;o Icotiinc MrxiGtcno teSicotes CGOJCIIC cc:tfi^tic2o oC 
c::::vis:;a::rjnt o2 CG::caitS.c:i, a»t5 CVSJ::O Com In t : o ccaCccctcG 
lc:2^c^&o:zo ia allies' rant, ic^titooto t t o otiorilot? catoir 
ca2£Jltion3 In trosxa G3CO. ftcas' ctiCii azcSiOSit ctJEc:2Qto2.itf»o 
a::icirv;;t4cT.i:j offer ejrKi>orat:;vc crl'"rr.cn i-: £i3?sniis? o£ a 
rra!.,'tlf:r.I cua'lxai'K. cnt tot; tl-M huit* ror^iXQi:, QCti>xmly 
Xaaaf r c Udotit^ (,f. t i3oliiIj2^ s:i^3it^n3 CS-.12 cix! 4-25 • fx cant 
away £»»: tiic land. 
air'.-3t ijtruciiaroletjjs ©5o::o;t c ff?w delicate al9<il l^aninattons. 
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Djccaerico of taEogcnecuo micrccsyatalllnB c o l c l t o {©presents 
G2*-oat tEcnru i l ^satar cc r^ l t i ona of los? enocgy In rxcos ot 
iaeSCoctivo uicacwirjo ( rolh , 1962$ rlualoi? o t o2.« 1962), 
nocccuor, pscccnco of o lco i IcpiDctiono j p i n t tc^oisfio o l i c h t l y 
cC:3ls:::t;xo oC :^;oi:y Cino end £i::c c ^ ^ ^ - ^ Ditorlto cn<3 t t o 
i i n a riitl firccticn eopioconto on IntoEoit tont oglfectoa trotor 
ccaa4ci!£n. 
Wilt c • ffhio Itoit o2 Jc«3liF«ir X4^ 45otcK3o in t t o totmz parto* 
pacpio, tihinly IcninatoCl, iEJtoi5x:a£32o«3 iicoofccrto bcrw^n, 
cryotai2.Saio <So2.ootcno cnci c t e r t y c»<3 licrsotc^o bca^o. i^Thio 
l€:2toatct! coiijcnoto fccica ccaoioto oS oi tocncto l i c * ^ QSi<^  
dock QIOGJL Dot cntl IntCEHfit Xcn4acc, 2bD cl^l o a t looinco 
o£o csKsy end cccooicaoliy <31oEtii>tcc3, «io£?y end jyocsrly Oo£inc<l 
t o voey CjAotlnct. ^1:D tooiccQtion CECC?:O cprpsar QD v o r t i c a l 
bcoalao crQcolne tho aoplDotioao* curc^sesS t o hiwo Ccrr^ -GC 
tffiiclGr oubaeriai e^x^stsco (fUj^horJcx), 1969 )• In t h i a Unit 
t t o intar layoriaf i of litnootono cn€ <fiOloatoiiG ia very 
cca43picuG«3, ';.liQ l ines toao leycrrs QCC bluo-cxKF Q*^ -^
r^cassivG, doJLoatono laysz^ oro l i c h t yolloi? bco'wti onC 
ail lcQous layer era white t o Girty t ihi te , stand in r e l i e f 
an weathering» 
In th in asset ions tl»» l i ioatcaie when pnafe l»«t ia l ly 
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StalnoKS vlth Alltsariii Kc<Q-o, tlxj Intorlajf'aEiiiG oH d o l o a l t e -
lin-e@ton© hoCs ai.i%-mi: '^ccyptolc-il'* <<lkltk®i, 10C7), 'Xto 
l£3:;ii:at4cno Eoprcsoot a Ciot inct lvo tOKtoro est; nsosptolocy 
cn<3 cro coEo conoaals' f l a t o r o^ntly uMulo t c^ , iSsiKKror, 
*Il:o recent cnnloc-o cf "cEYt^oIc^JL" Icr tootoo cai'. 
ctJ2c:3ctD2.itca t^ tj-^TO been c'j>cosvcsi i^t ccsi!/ r-^ccoo 4n t t o troc2s3 
b]f ncyay uorJjoro (SfiK c^®, iOGli obiKo o t o l , , 19091 KoticaKO 
o t O3K», i070j C5c!3olo4sa, 1073L). ^In Gl^jai Clicin:;nt cxiC 
gjQCticulato CQEbcrsaCo ccflirx^nt liosta t t o Icsninatoo of criot o£ 
t t o otECDotolitoo, r c o t l j ; t t o SilGt-iyinc oiCQJ^-^Gt Gctlfccnto 
tl jaei t o Q bic^ cnorcy cc i t c t cd ccno (Eocpn o t aim, ItQl, 
If?04). '^Ix> pEOQcnt 0tt!€j; I^ ao ouf03otoC t h c t thoco 
GtroDctoZitco thri-Tccl, in i o t c r t i t l c l ctnf. cui^r^^ticlcl envlrai** 
titrnta (Sisring Vlndliyan t tec3« 
Ifsllow, oroncQ culcurctl <£oa.c3s:ito fon-'s tl'X) cai.plcc; ovor 
t!x! caiijyaato Oo^sitD, lln e c loc i t o i s suioslvo Itrjhinr !3tit 
tas3ea:auo vojr;' C»iiiit tracesj o / f l ' i t {^ osje shai-ot! s t r c f - a t c l i t i e 
lar.lnue, *:•.!« r^acna a m cii-ojliir t?i5('- iono carT,;caj% ^hsticatv, 
Cblate t o eunveraa-shap^f-'' (^ orts-:-.; a. * n r^ flctr.lnurst '^ fhe-xi^ oS 
3trcm»atc.iitlc tv ;«3 ^rrj i reac^nt r).?jr t^!e t o r ot the unit* 
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Ttie£@ €$?pear0 t o be a paisccmtiiqpora&QOus aoJKx&iti^atioi 
utxsto £aint trucks c£ Ismlnatioos IncSicote caplacm-^nt 
origSD o£ <lolo3tooe« 
io Gbsrectocteea bEoodl:/ by eiisj^fcl e i^ totor&Jitalo 0hrr©« 
2.4no candltU^D oS <top:L3itlLon for ojmCaton© GE^ oimrl^lDC 
Kscks. i"l5© |:iK^at>iQ ©plsoCo o£ upl i f t liaa bcson 8ixg??tst®6 Cos 
suet gccasic^&i cxxnacrttnco ol pebble trnda SR Jcx l l^r .'^ actdfitOQQ. 
ttmam CGngltmmni^GB vei^' cloaaly iB9ia!Et>l@ with the channeil 
la^ a«poalts <in^  ifidlc4it«i e rapifi d o p o s i t i ^ In hi^heat flciK^ 
xctQii&o (mxma ant: FohiMistook, 196S). 3tx«^89 o£ eol&tively 
la» ainuottitv that aralfind poshaps oocoss slicihtlf at«ei«r 
•lopMr« with highar dischac^es* aj^ear t o have deposltea the 
congloiNiriitea In guesticaa* Dun to hlQher gsftdlitnt and rapid 
rate o£ depoaltlc^D tha cl<uit« have a t t a i n t caaturlty t o a 
ma8onil3la axtMit. Tha basal ccs\olo»arat«s Incl^ida InvarlabXa 
•Bcotlc oravttla o£ quarts:* quartalta oia& the basal ccntact 
to acjwe exteitt i s sharp* 
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thQ overlyiUiQ ma&i»m t o tine grstixmd f l a t bedtted 
sax^stoQQs «ritb dbtmeeoat pactSng linwitioKi oo ttieSx beOai^ cig 
surface £criK9Rl>2£» closely to point hat €&poalta of vmx^ 
mc^nt onalc^ities. Tho deposition iQitiat«S un^er the i<?^r 
ipct of upi^r flotj raglKO ona ccmtino^a tb«ou^ tbo loisoir 
Ci^? tXfgSms trbeso ^tSirasnfc tmaarport was seMt&fiKily mmll 
ia eolation t o pstlemoiXmi coacSitioDo* 
^te Qverlsri^C? ^ ^ t C i s again a point bar deposit, ana 
ccfi^dses lospj , (!iiK5SKjt©,coolQjK:ent clmrniel ho(llsi& wltli 
oJUi^st tpmoatcS baa®* ?h@ ol^ aei^ liic? ipotono]?' of etiirs@nt 
f^mmO, <fiiiis3© upnacd* Cfolo <ma migrating wistiro dtm@3 of 
variii^lo shoi^a* 
^'to noact tiighsr Vait D of JoSl^iir oan^tono i s cort^sad 
of daiSc bsoim colcni£@(3 sand^ sttales ^torcaletoffl i^itb 
9@i:t^ta»«». I t codsioto of many div«irsHi& tjrpi of sedin^ntas^ 
stcuctuxQs indicating extrefrw sballOM imtms coaaHtUmm 
praam mvmx t o tlntttly aHfeNMirial mtposfatm* Ttis «iB;essiv« 
flooaing cofitinttod an£ strBwn ovectoii^pod i t s banks, m& 
l«iPMi dapcMiits Mire l«id doim. <£1ie opal osneent in wmOmtceamu 
indic&tss &n incnussd sa l in i ty in w^ter duxin^^ the 
aiposi t ion. Xt sppsscs that tb t s a l t pssudonorf^is were 
foxMid in non««>arine SBvironiscints undsr si^Miridl conaitions 
stii»j«ct«d t o i^riodic <Nisiccation. 
Ths ssdifaantation continusd almost unintarxuptad uadar 
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£IuvSatil«e conaiti<^a in teostoixi Rftjoattmn basin tilling up 
t h t velX«ys« 7tie development o£ r^ixtespctMid exffomxsM o£ 
8ttacliiM3 acenac»ou3 deposits t o sti£>-&«rial. coDditiaa® i a 
inaicatcsa by oad cracska* cilX taai^s, s a i t paotK^TfflOS i^s cmd 
C o s i e s t IDG cdoore Etew^rtteleso* zsewos^ sC f l^vic i saofs 
^ r e ifaazt^toO aic^lv <^^ pso0s©3oivolv ^y t t o aticimit maciae 
vatecB domiQQtea b^ p oai^onote ooaimcmts. Mt@ir tbo <le|ic^itic3C 
oS @sn(!lstono3 ttx) ecsa 1^3 initietetd by 9loia;r cmto a€ suSi^ siaeiKTa 
^liictj letsa to t t o cR s^EorgsnoD of IscKtoCQpgi 8lmat3y EoaiaoC 
£>y fHuvial a^anto aasQt m&Qii£lc^ l^tor by sl^alloi? cjarlmo 
CQiS^onato 6sipaaltQ* I3ua t o ^ary alosi eoto 1^ subalxSencQ 
tho sastSstcme fos^ Bs^ tioQ b&cac^ tiJB@»tircm0g£O@3iv0 dbrlr^g 
^ttloh t ^ overlying litsostofies ^@£0 ^&p63it@<3. tlhatevcsr 
tim3 eay tiave iaps@(3 ehonging tt%3t fit i^iai cc%»Sitii^s is 
QOt too«£i« txiiever, tl»ii:c$ i s no ^3Ul»t t M t li^MStcmas mask 
@D aQtic© change of coiditicna €Kom £liiviai t o atialioi^ 
Dacin® ona* S1» ocean watec* iieve occasicnmils' coasxmdied to 
th@ bsuahing of winds o ^ r th& aaKS&cm an6 also to variat ion 
of t«mpi2c«ituc« ana aa i in i ty . Tha daccttass In par t ic la aisa 
usataxaa favours t t ^ i r deposition nndar the ctiangincr potency 
of cur cents trhioh wm not legular tliswjic^»ut. 
toenit A of «3oah£yir llsieatona torn immx intai^setad as 
saprat idal deposit and thus there i s a najor chanQS in th« 
anvirooneot of dspositSon froeii the e a r l i e r uni t to t h i s lJkiit« 
a traasoie«aiire phase cowneneed during ths closing stages of 
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Unit D of JQ&ts^t sandistcnio, Tim asgiilsKseoas cacbonata 
t o ^ s t ^ i ^ almost &hom & tssonaiticmal pasaago upemcaa into 
QVQslfing cait>o»ata efoc^ t^cma o£ tftiit A of tioahpar Linestooa, 
irtiai oaict; tiigbsir Oait B o£ Jo6t^$ur l«lEQostoo@ haa l^mx 
lat©«p£et®* aa a dspoait £oir®a tma©r Q!miao«f au^ protected 
Mgosaa. f542a tactaxio acti '^. ty bcooglit a b u a ^ ID deposit toi 
o£ assooiataa toeciQo&cma claat ica with ttm xm^tlyixxg tMit. 
^tto <^poaitic£i l a t e r occatm6 axceptiona&lf €rcm atxapenalsx) 
om2©r i?®<SuclQg con^ltloa In t t e eib^nco o£ waw© ectioo lis a 
aliallo^ pcoi»3Ctea lacpoa. ^t)a aa l l sa ta a l fa i lao inat ia is 
o££Qr c corfctsomtl^^ mtlCs^CQ ID gav^our o£ ac3>tiaal oBovin^-
czent of aapoaltioD in a pxot^otaa lagooa. 
imit C of ^(o&hpai: t^xmstmm tma bean Int^irpsataa as M ^ 
t i a a l f le t (!teposlt. Xt cc^alata of cliect^ ai^ doSasitic 
liis@atoo@ ana c^nmSant al^al tm^ atcuotura foreed on high 
t i d a l £ la ts buHt cnzt Ciam t o f i l l i n g up of legooaal baato ana 
consa^Qsit pxopa«ation of t i d a l platform. The ocxuirxance of 
ailioaoua and dolomitic limastone in t h i s tmit auggaat that 
supply of ailieaoua contaat iocjeaaiad dua t o inocaaao in 
aal in i ty in aea wataiv dusiriQ tha pariod fghm ailicaotia and 
chtxty linaatona laplaiead lima-aua contant, 
l^QCtooio Fimaawofk of 
I t ia worth tiotin« that thtt nocka undar study xaaanbla 
a l ight ly with thoaa balanyiiiQ to tha Min Vindhyan baaia h«via« 
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ojliliucuaEtsite-catlKsniitie aaaa:4*it4a:i xihSjch, by cod loEtp, 
r?£loct cciitiouc<l t e c ton i c 0ta'b4.iit<^7 \ss,th cilnnr i cco l 
1903^ Cliattcoharyo, 1960Qy rtioro, aOGD? C!io3:i,et a l . . l 9 7 6 ) . 
':,>3 V^^X-^jcn ccc:-;o cC ::cctccD Ll:2;3ci;t;:'jn ir^zn C:::-rc3Ltrz: &; a 
2^ i\ r-ccsro th::t tt:ono rcx:'^ VsxQ been Ctorccitci] bEroci!?4r iU^  
t f c o . "fclKi C3<ltocnto u>is:o SaiC Com uu'Cosr o t d b i l i t ^ GC3.Clticno 
u i t b tlio oICTwj iroto oC IrcrJ-cl coil ctSsoi^^^ica 0!33c:::t u i t h o 
DiLnor r^rtao ctriac^ ti^ ^ ^^^ l£iitictiG35 oC VisiSJtycn eci3lcx::3tat£.cn 
'K'iilcl; c^'^^ ^^Q ^^ ^ -^'^  ODixjoitkx-^ cS coacScoDKitoo. e t a 
c i c o t s G: i ^ x t t . l-^ c^ vo IicG:3 CorwOitr^ by rci^iTi ctcccrvr) in r, 
a t tilt.' oQK</r;t.;jia occuonco oiifx^csto t l ia t a2L,ci;t -^t! ©c^uilil^riitr:; 
biiti Injon mitai..'ll3i5fjt" !x'tw< tt\ tlx3 ra ta cf BfX.lL-?ntattoi i?ci^ '. 
subsitictirtf, ':Ii(j r a t e d. 3ecll:-*."'.tati!L;n uas a lo^ dtirinr 
UiG f'-'f|Kiitititii 1 ren t c l tir* iKru:5:'tco €.«i ovIToci'-ed by 
ofxurranre ol: ascu-l;^  alx I^k^o yi t ! : Cincj r.ir-stifta CTK'' farDlIel 
iiiinintitJLona, 
I^Qlativci^- UTllcl t o c t d i i c cctiiviti- WiS3 l a t e r occw-j anlf't* 
by trdnagression fcll&wQf; bv t ! ^ tf^eftisiticTi :^ J' c-a«*>onate 
aeciiienta, jSi i s retv-^r .uljie i|--it tV.t; aur l ic i r l.JLd f l u v i a l 
aotHB.cftta wejra uot oiJoCied indicatli .c t^ «ix>*ov ^^^^ r e l a t i v e l v 
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slow sato o£ transQCsstioii. 
Ttm fsixittcmlogical Q30I& tBxtm:a% tmtarity of th@ ataadMtxm^ 
ia not ras t r lc tea «rt3oll2r t o tectaaio ac t iv i ty but also eelatoa 
ossentialiy t o the cx^o^positioo oS amssc® eocM& a£i(3 climatic 
Cf^^itior.s i:,rmvQAling a t tfo© tlise of <20:^sitto3« tl® suatur© 
9&C$mstta wax© lasgely <3mt:ive£l €sam cu r l i e r I?QCS!CXCHI1 soaii^cits* 
c3@tos(^toei}ts mi& pastly €vtm tm^teaicmlly ateiblm soucc© ae@ei» 
Utma th© coBircaitionai luatiurit^ of the sefitotanto owe t h s i r 
oritila postly <2«0 t o ttm aecoaa c ^ l © seaimcmts ond paxtly t o 
t t o tc»t<mlc stdSdi&ity dorlnc Vix^ttfsm tismB* Stio other 
textyealL chacoeteirs l i ^ e COUIKSDSSS cm^ aortino of ^ t r i t o l 
graiR&» its ps^ irt* also ae^a t o hair® accitiiroO Cx'tsfa ea r l i e r 
episo^teio o£ veumti-iing in provenom:©. ^!osoo9or« tbs pQieeo» 
currmnto rmoalsii^ persistant throughout the 9ei»lstoao 
a^positioQ ioaic»atio9 ttm tsctoeio stel>il.itsf in ttm tmgixm* 
Xt io Qvii2@nt that the area was not parfaotiy atehlo 
ma thus Cacea eil&ar traRsgresaioo in raspoosa t o e i ther 
aiistatio ohangas in aaa X&ml o£ aiiQht i^alai^ca batiiaao 
cate o£ saaimantatioo acS basin o£ subs i^nce . Tha rata o£ 
saatoiEit soprly 999tBii^ t o hove baen t i a a up with periodic 
events o£ ttpiift of the sou tea area which released aaiple 
supply o£ detr i tua frcai tiim to time* 
ctu9S)fteir V 
t!h2 palGcocwfisont oiiQlya&o fcas it® grestosfe vaiue Cor 
CQOCJlQucatioci G£ basin gsas^tcy @n^  locaticm o£ protmBaoco* 
Qo @jOccin|>2listt tho maoiamt dspoaitionai Mstor^. th@ intex^eart 
i 3 stiKil.at<a3 dacthsr tsy tt® study of diffiariait dicocfeicnal 
c^ <3 scalar psoijortioo of pcteary GcaicKmtary gtnyotusGo 
x^hich Qto ioa©pac2ldS>y iieihc^ with tfjD %^&oai&Xiisit QS£1 
B@fiimiog »i th the «acl^ «a»i:^ s of ooi^y <ieS7} aa tho 
peloocui:x»nt9« ca^itomposrasy witb hi® stuaiea ciaziy 8Q I^^ («»nto> 
loQists, urith tbQ» roas&GO o '^ tims, m^lSiM oxaC tojcmaXatmC 
t\m tttatistlcal oppsoaxsh to i t (Potter oaC Olson, 19Si; 
currav, 1956i BflPiMiy, 1961i Vtmtml «t Q1*« 1961} Huaan, 
1963# X«opold ttt al.# 1964# Kl€iia, 1967br rjolloy« 1968; 
JacksoQ» 1976i siM«i8« 1976 )• 
liiwirious flym^ ccNDtansporaty tNorkera have vmi5& attmniits 
t o ostoblish th« pftlMtoeucrmit pat tom in imrts of th« tnain 
VicMShyaR b««in. 7h« i«olat«d «rid«sprttad ••d^n«ntary xoclui 
of both th« bftsins h«vtt pmMntod g»oloQi«t« ifith mcmm 
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tt.o trjot; £?G3Ctactile c - t!"XJ30 ^.^3 txrr^ n t t r j fctcr.T';fc3atlcn 
c ' t':r> GcaDCx,* cn^a for 'vsostrr.i 5.*;coite crtt'. i t o r?^?,ct^r. t;i,t: 
t:ic C3ito Virxili^'ja booto. t i n L-^^T^S.^ '^ ^^ r-clocccuirt^ist fc 
bcTfr if -^ -^ '^  r i ',lo r:x: 2 CCD i-:^r!:c„3 t!:€ toot; tmc.-:;! c r r . te r ln 
rcccastn-ct icsi lr> t t o -^  resent cros:-. Sa r^ .^ T-O ca t i n bcoin c;^ 
lSQ:x::ncc\ crs:: Clatr£3iitl a cC r-directiu:?,! ooOl'riontiair/ 5tn..ct.r.r:^o 
cA^^rlyiiT l i j natoiiQO Cue: r^orii? ess^^caa" oatcro,.a cmmmt'. IAI 
alifiw-at nec l ig ib i e collacXiion oJ scant d i r e c t i a ' t C t'.ata frotr them. 
irn 
Ja..^^-l:r Crcap io bcocsD r a t o i r en boti : t t o C^ o^ t*" ciiCl 
2.c!3orcti-zj' tcoltnilcmo CcioCr;li:r ttto notlxi: crtained b^" r :^t tcr 
Cor ccDD ocniJ cc^orcd pc tc teo , icinitccCi tt-o uco cC oJrcGt 
tJOitoo c«coGbaL5£lao co t!to t X:JS£3 CCOS. C7» telsaEC^.IcaS, pliers 
y 5^j ai*)itr<.ril> mtjClvlt cr. ii-jto 34 sec toro , each "'Qomirlnc; 
ol^iit 45 aq . KRS Ci'ic* "J . ) , ri^. ooctorri wit J: no outcrojo 
of Bos.'k jrtun® or vitT' inauifJUiI'^nt c'-'ixnctlorsMl Cita w^te: 
(li3»sc.an'ed for of^plin^ ^izyg^^e^ ' t c da ta cul lect iar j 
St jitl«3ns wot'e s©lect«at' -..4* a ilevXaer' ^rii^-aampllng scfiepa t-j 
av it bJ»ao '-T ow»r-«R»j'J<'.i^is witM . ti csiven jxjrtion of tht* 
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outcrui.), Doi?cmiintj ur,aa ti-jo a v o H a b i i i t y cS curirent 
iOD-lcctoffo n plutojin o£ 40 crosdbccidiuC' oeiimtiis tioce 
Icvclc , 4-10 croQdb<3Q.C.im: acii:xitb3 «circ Gi±>ltrafril^ c^lcctcfi 
Ccr c:ccc-otroi::r:nto a t cccb IccQr.lty, oc co t o rricccro c t 
hc:zz.t tu-o Cyrc-cot p ^ ' - ^ ^ trt'-Mn cc:c^ ccoocijorr'^w" 12221^ -^, 
ar.t3itic:ial €!atQ K:IO ECCOECCC uhoro l o t o r a l vcrictionfj 
CTtif in orCcs" to Cc^jo^^x^, o rcT-i=^^l t-^^^^s^ <^^ ctirrciit 
^Sxccticn. ircTJtJver, o r^rcCcDic^c^ ocniJlinc? plcn ccn net 
soq^lsca Cos £'4r,i.->io uar:.o cad c t l n r <3iEccfeio:aol otructuroo 
(]^ tbDy occur &B o l i n i t c ^ w^y* 
'St'ss irocGtirct onto c£ crc3c!>G-^flnf t 'c tc a t cccli 
I c c a l i t y ixsro caCo in golat ioa t o t'li;; cxiEutlT of Sorcsot, 
itG inc l lno t icn Gn<2 GCOIO (thiclzocno) oi' cmrsab^r-filnc t m i t , 
'.'Ui f i r a c t i c n c£ rojslimi; inc l lnc t ic i : cS tl?.^ Ccvrrfset b.-at". uas 
rawasvucxl with t t o hol„-) c£ clSncxntor, In tho absonc'^ cf 
tdcmar surfeces of: cirooabedo* t t o £:oslticiif o l the fcresot 
t r a c e s or. t*io iatcroQCtlnc pluoes waro ineasUKX'. ca a bare'. 
Card bc*i.3:t! t o tXil Q V; ^ rapblcul i^jcoastruetiou at tls fore j e t 
iOaitiosi ( i« : l l e t io r , 1936? Tet ter GTK* l ^ t t l j o t o , 19G3)« :^15C 
trus:u t-v,« ot crcasbfKtdlut un i tn , licut sirfs-^xjient.:!- or. a 
bcKiuiri^-pXin® ©x;os\iie Jortn s e r i - e l l i p t i c u l t r a c e s curved and 
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concave aoifticuirir«Qt. fin auch caaea th» asiiKith of acute 
biaeoteiji was fP(i«8iir«^ for th» diiroctioii of cixrcent Howm 
a tota l of 2«223 eieasojr^saiits of o»o-^ay airoctlOQal 
£@atuc@9 lik® cco3flbeadiQ@« as$8ia@trical cisspie Riasles* currient* 
dcog fields msC £2nte ssslOa, ^ m coHlocti^, e^^oluaiiml^ fson 
5^Q<ailTaff sar^Sstoo©* On thB GttBe tma^^ tm>^@rj diiscticsaai 
ieatucos ificiisdia^ av^rmatcicai i?i£>pl@ isai^ e©, <min:@cit toMti 
QfiOi paiti i^ ilocations y^M&d a totial of S12 «^ill!ut^^• 
to» tectcffllc aip an<2 coJUitiit^ simplicity of attucttirol 
®tvl0 o£ Vic<Shy€») mm^mco do not ceqiuiire a t i l t eosraotion 
in tbo tseats^mt of osimsthal Cat a (Potter ond Pettijotn, 
1963}* Th0 aip-^siisuth3l caadinc^ ttxm locality* electors* 
m b^^ ama oisd acea nece tcaatea* follos^iuy tlio eietboa of 
"Qxoupino of aata* (Garmy* 1956i astter and saiver* 19S6). 
^tm heix33jcchical C»»lga f i r ceeoraing the palaaocufxact 
inaicatora (Pcytter and sXmmr, 19S6| Potter and pettiJot»« 1963) 
wae tteea for finalyaino ^ ^ large e^ oount of asisiutlml <!lata 
ODtaizted mainly from larQe«>8c@le ctomaibo^ ana in a eroall tmjf 
item anall-acale ccosibeae* TDa aata vmx^ treated atat is t ical ly 
at tbe followioQ four levelst ( i ) tocality level (betiieea 
croaibeadea units within a locality}* ( i i ) Sector level 
(bcitween local i t ies within a sector}* ( i i i } SulbHirea level 
(between sectors within a siab -^area) and (iv} Area level 
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twc-way Circctiortal Cata, groupAnca oi; 30*^  end 20*^  clcco 
dntopyQl tsroro EICSS© for each tVFO of flafeQ, TK* crc3dbcC^,ia^ 
Cit Gcctor, ct:£>«<iiraQ cntD croc Ic r^oILe rj:?L-ccfcr# In vilct? cC 
S ^ atsJ»^aroo ca:::prilQo (pcoroXli? Cctjr coctoro, however, Cuo t o 
trjc^stx: c:>C occttosci2 C.iGt£riI:::^ticn oC crctcropo i-nd tsiraaciil 
i a t o r r ap t i cn oS fiocast CCSM2O, icocor ai2i3xjr o£ coctoro ttnro 
oGEpaing IncisiGo tho cosivaati^noi o t a t i c t i c a l . paccntatcro c^ich 
CD vec tor CDcn (0 )* voctor otEOOftl** i?»^h otcsicSaiyJ <£c3vir.tior3 
(cj^) or/J varici^ao (3 )• VV^o da ta t ^ r o c s x ^ I ^ bo th f.oz 
cF^lCO^ GXiC 0^-300® cIi3tri3butiouo, 
d-p palaecx3iiri:uiit rorsulta dl'^tclticd Ix^h gcci". onoi-o^? cnt" 
: alcccurceot VaricS^illty 
Cn;3^eclditif: ^eita ylel<^c}tl moro fricaningCul reai^lta when 
oncijracjd x^rui^rl:^ a t 10f:ality, sec tor , stsCj-area anc area 
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lovolo . ^ to f:raphlc p lo t of 2tOQC oocourcn^nto of crooc-
h(32C.in%, at^kmtho* cccosCoQ £ran 203 l o c a l l t i s s of Se^hs^T 
3aMstono, covxir r a i n i y tlX) GOuttecatoErn, con t r c l , oor th-
QQDtosn cswPi nortli«03tom poet o£ t t o GEOQ O£ tevooticattoa. 
^ to <3ijrccticnal <^oto cCjtoinc^ f rsn cro3d5cx"i!lnc 
I?lot.ta3 ijp Pig. iO. t:o3fc o2 tho aofcuthai fiiofcrilxaticao oro 
oicj^ct oyrrrDtricoi cn^ t h o i r coCoo ucaolXy <3iscctc€l tctJosiCo 
CiOctht-"Oofc cia<3 t:oott tl^ CKJc^  a t i c s o l i t y E:OO, 21# 20« 20, 4C# 
40, f>3L, 12.6, 123 cn£l 193 CDCSI CoEocot ooicath lo oricatcsd 
tOKac^lo DortltDoot, cn^ c t loco l i t j ; t:oo, 60, 1?2, 103, lOG, 2C1 
GIM3 ICi orJcat-Gtioj l i c o 4n coathroot ^TicSrcot, ^aJ^ 
i:;alQoocur:root <jircction EofIccto a l c c a t o uniCorp czi<l oli^i"st2y 
Gtcblo palQGoalopD thrci^^h opcco aoC t i m . 
Vl":o cccof1?>03dinr Qs l^amsths ot the csoctor lovol (zQCcsCjaC. 
i« Ttsblo 10 entl plcttcst^ in P ig . i l ) ICJEO CounC t o bo 
CoDlnontls' unlr.^^':l in <Pistrlh«ti-7i, Cut of a t o t a l c^ 34 
cecjtcTD, 26 €i!33Ci:vwtio o cf iinicjoCol oiotr^sutions t^vco ^cor^joCm 
'.ho xresulta ol" ofclxsr d i o t r i b u t l c n psesoat bi isc£cl l ty in 6 
sec to r s (Ooo. 2, S, 6, C, 16 and 20) ;to tlTo Qcecis near Banjra, 
ferosioi anf. najncai, ^h l lo trimaf^Gl ami c^o&simoOal ciistriJ'm*.. 
t i ano tiro oliiost caiaoinc: in tha ctudy croQ, 'E'tc blmtxal 
<2i3tj:ii-)ution Pay losojtbly TXJ t t o r e s u l t o£ miKinc of 
ogiiTJUtl^al (''«.ita from cros^«"dot : aeta orxl c o ^ t a . 
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VuluoD cf Vector rtoon (6^) ciaQ t?bctofr KoraittnOiQ (1^) F©s 
Tcaallt^j 
3 
C 
G 
0 
c 
10 
« 1l 
i 2 
13 
15 
16 
17 
2C 
21 
22 
23 
as 
2Q 
27 
2e 
29 
30 
32 
34 
35 
D 
IC 
20 
1<5 
l<i 
l<i 
U 
IC 
1<3 
16 
IS 
0 
10 
G 
c 
c 
9 
6 
22 
1£ 
1£ 
12 
15! 
19 
6 
14 
9 
311 
SCO 
S20 
277 
340 
327 
41 
321 
3CD 
326 
33S 
34i7 
50 
330 
310 
322 
337 
IC 
s 
342 
292 
a6C 
293 
26B 
325 
33r 
07 .5 
CG.O 
04.C 
7 9 . 4 
C9 .1 
C2.5 
CO.5 
0 3 . 5 
73 .2 
G6«3 
9 0 . 1 
CO.O 
7C.3 
CC.i) 
94 .5 
C7.0 
73.:» 
65 .7 
8 5 . 3 
9 1 . 4 
63 .5 
6 7 . 8 
C6.3 
£ 3 , 5 
67 .9 
9 4 . 6 
£ccQl i t y 
36 
37 
3C 
40 
<31 
<33 
C3 
6C 
45 
47 
40 
<D 
GO 
51 
53 
54 
SB 
*.JW 
57 
58 
59 
GO 
62 
64 
m 
GO 
U 
0 
£3 
15 
9 
10 
C 
11 
9 
11 
1<) 
© 
13 
9 
13 
17 
0 
C 
27 
11 
e 
r. 
16 
^ 1 
13 
12 
A»k«& 
327 
S21 
335 
36 
352 
279 
300 
333 
317 
318 
19 
262 
325 
336 
346 
312 
2C0 
294 
^ifAij 
315 
2 r 6 
2ee 
314 
316 
304 
353 
C2.e 
C9.3 
9 1 . 7 
CG.4 
0 0 . 3 
lOpO 
C7.0 
02 .2 
CO.l 
C2.5 
5 9 . 6 
C6.0 
9 4 . 0 
cs.o 
e 3 . 4 
C7.0 
9 3 . 6 
9 3 . 2 
G7.2 
55 .7 
B7.0 
90 .3 
£9 .2 
es.i 
re .7 
FF<3 
(Ccaitd. ) 
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i'abl© 9 (conta.) 
liscoXity 
60 
71 
?2 
?5 
77 
CO 
02 
C3 
G<J 
C7 
00 
CO 
91 
0-3 
00 
90 
100 
101 
102 
103 
JmX^^ 
105 
106 
107 
ice 
100 
lie 
m 
112 
t £3 
7 
14 
0 
0 
15 
13 
7 
30 
10 
20 
0 
la 
7 
0 
10 
0 
10 
12 
30 
20 
12 
10 
15 
0 
19 
13 
9 
JLw 
iii3 (3ea^(33) ^ 
192 
294 
232 
270 
200 
2G7 
202 
294 
200 
30G 
301 
200 
is 
31G 
290 
295 
297 
277 
267 
264 
2m 
270 
244 
277 
274 
297 
298 
286 
306 
70 ^ 0 
01 .2 
OO.G 
C0»2 
C0.<i 
00.<i 
0 3 . 1 
00 .3 
07*7 
co.o 
06*0 
0 7 . 3 
G6.S 
CC*<3 
eo,o 
05 .2 
65 .0 
7 3 . 5 
93 .7 
6 6 . 5 
r,7.c 
C1.7 
56.9 
04 .9 
es.o 
9 2 . 4 
6 3 . 6 
CC.2 
9 2 . 6 
EOCQlitlJ 
JlbJoM^ 
114 
115 
lie 
117 
110 
110 
120 
121 
122 
123 
124 
125 
126 
127 
120 
129 
130 
131 
132 
133 
134 
135 
136 
137 
ISC 
139 
140 
141 
' t1 
10 
14 
10 
5 
11 
12 
11 
11 
9 
5 
G 
10 
12 
10 
32 
26 
7 
0 
11 
^i^^ 
12 
12 
e 
10 
<a.J^ 
11 
13 
10 
10 
( i s ^ofsrcGs) .*-* 
276 
311 
315 
11 
302 
305 
201 
275 
291 
11 
3S1 
207 
270 
203 
294 
201 
320 
313 
302 
310 
327 
3 30 
323 
292 
286 
267 
292 
294 
294 
C0.3 
9 0 . 3 
0 1 , 0 
0 7 . 6 
CS.G 
0 0 . 1 
GO.2 
C3.2 
ccc 
c?.o 
01 .S 
- C4.7 
0 0 . 3 
0 3 . 5 
CO .9 
04 .2 
CO.O 
04 .0 
9 1 . 5 
0 7 . 9 
9 2 . 3 
7 5 . 0 
04 .3 
6 2 . 4 
0 3 . 4 
£ 7 . 7 
e9.c 
69 .2 
( c o n t d . ) 
142 
table 9 (CoatC.) 
P o l i t y n ( ^ <3^^eo) ^'^ l,£9CQlit^ " ( to ^ctjge^o) ^ . 
142 
143 
244 
145 
leo 
14? 
146 
im 
ISO 
I S l 
152 
1S3 
ise 
tfLwivv^ 
ISO 
IS? 
13C 
139 
160 
IGl 
162 
163 
1G4 
165 
1G6 
1G7 
I 6 e 
169 
170 
1?1 
18 
2C 
14 
11 
? 
13 
0 
G 
13 
12 
0 
7 
19 
10 
14 
0 
0 
7 
10 
0 
G 
6 
17 
I*! 
9 
9 
7 
e 
r. 
^JL 
292 
300 
2C9 
209 
330 
304 
309 
314 
330 
320 
330 
337 
330 
277 
270 
as3 
2 ^ 
340 
ase 
2se 
321 
259 
323 
338 
4#M>W 
312 
337 
324 
i^%^<^ 
30G 
0 3 . 3 
CO.2 
94*2 
OS .9 
94*4 
90.2 
7 9 , 6 
0 7 . 1 
00o7 
C9,0 
94,0 
70,<3 
0 4 , 2 
91»0 
©2.7 
84.D 
67 ,7 
9 4 . 4 
8 9 , 5 
9 4 , 5 
£ 1 . 5 
eo.G 
©0.7 
62 .7 
9 0 . 7 
S7 ,0 
7 9 . 4 
63 .0 
e4.f 
8 7 . 0 
172 
173 
174 
17S 
176 
17? 
17C 
179 
100 
2C1 
1C2 
103 
104 
lOS 
106 
107 
ICC 
189 
190 
«w**.?ji. 
192 
193 
194 
195 
196 
197 
198 
199 
2CC 
2C1 
202 
10 
10 
7 
12 
9 
0 
12 
10 
15 
C 
0 
10 
9 
10 
10 
10 
10 
11 
7 
7 
24 
20 
20 
20 
22 
7 
14 
L 
10 
3C 
28 
294 
2G3 
350 
204 
2C0 
^84 
273 
2D0 
275 
244 
305 
260 
26? 
263 
244 
264 
2C4 
277 
25C 
207 
340 
G 
2€0 
304 
330 
296 
316 
274 
294 
296 
305 
C4.7 
03 »S 
9 4 . 4 
0 2 , 7 
7 5 . 0 
C?»l 
CO.5 
CC.O 
90 .2 
92.S 
84 ,9 
02 .2 
CO.O 
36,9 
G6.4 
C6.S 
eo.? 
7 6 . 4 
62 .5 
£€X 
9 1 . 0 
84 .5 
09 .7 
6 7 . 6 
6 9 . 0 
9 1 . C 
85.C 
0 9 . J^  
6 6 . 3 
S3*£ 
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'smtM 10 
stGnCamC'. Deviction (0f) asC variance (s^) 
for vra^hi-r-r ilianCctono, 
4.^ 
2 
3 
<i 
5 
G 
7 
C 
0 
10 
11 
12 
13 
14 
15 
X5 
4a r ' 
ir 
IV 
20 
SI 
22 
23 
24 
25 
26 
37 
2i 
29 
30 
31 
32 
33 
34 
D 
42 
C2 
50 
70 
50 
<^^ 
90 
75 
4Q 
76 
^7 
71 
58 
CC 
52 
4© 
r.6 
3e 
t 2 
3 t 
61 
73 
52 
47 
6C 
t o 
61 
61 
45 
104 
3C 
62 
39 
SI: 
SiO 
l""^ ^j*^^;? 
S42 
326 
MO 
2€9 
333 
«jf *M>£» 
333 
2D0 
321 
265 
3C0 
303 
273 
303 
296 
31c 
292 
2Et 
310 
293 
206 
312 
324 
273 
33C 
295 
27e 
267 
353 
300 
306 
297 
ta> 
OlcO 
75.2 
<x.a 
C0.2 
0 7 . 4 
CC.7 
7 0 . 3 
7 r , s 
C6,Q 
C5.3 
0 2 . 0 
70 .7 
0 7 . 0 
0 5 . 5 
C6.1 
02 .0 
r 7 . i 
0 2 . :^  
7 0 . 4 
0 5 , 0 
02 .7 
0 2 . 0 
00 .3 
! 1 . 2 
17 .5 
f 3 . 0 
80 .0 
fO.6 
00 .9 
77 . r 
07 .0 
£ 3 . 0 
8 5 . r 
02 .7 
oj-
20 
C3 
m 
32 
ao 
33 
39 
sn 
33 
32 
35 
SO 
29 
3C 
32 
36 
30 
30 
^0 
33 
30 
33 
20 
35 
31 
34 
33 
37 
2t 
36 
29 
3S 
32 
33 
0^ 
Cld 
l,CP.2. 
2,430 
1,060 
1,107 
1,506 
2,073 
I.ICC 
1,071 
1.265 
1,2C<J 
075 
1, l€€ 
&0 C C y 
1,330 
S2C 
1,31C 
1, C4P. 
1,0C9 
1,404 
1.076 
797 
1,010 
1,114 
1,066 
1,401 
763 
1, 302 
664 
1,256 
1,036 
1,095 
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At tho si&-<;roa lovil (^abio 11, Pic , 12) tliore ia a 
further nai3:c£l incroooo io tb3 InciGonco o£ unteodGl 
uUitiff^i^tUm^ Cufe of 12 ot±>-.oi:©G CistrlbufcAoao, untooC,ol 
Cii^trffiaitio:! io onj^GFant to 10 ot£>-QEcco« f^lto b icc^ol 
<24ctr£batica ucual ly hao tt:o n»Coo oriosito€!i a t onclo looo 
tba3 00® CE^rt t o ccsh otitor, ^?to ctKx^c^y ecRTolorofl ccCo 
Qt'ixxsEO ^icoctoO t c r c r i o norttirDct rtJCLlrGnt. 
/iJteoot t23iU::»t'al C3«3 eGEXsc^ jh^ it coysnrstE'lcol froqucJicy 
Cio t r l imt ica o£ crood^cCGSsi^; octeatlio io notcblo wltli a r o m 
Giroctica o€ 30<S ^ <I2^  uiltri tlTD pirtocirQl ccCo dircc3tc£3 
t:aMoroly In t t o aortlrjoat c^c^E'Cuit (Pig, IE) at tfcs osoo 
I c r o l . 
^hD vector 03cn cc iaa th <0^) o^ crooGbc<3o c t l o c a l i t y 
Icr^ K l^ (ot 171 locc l i t iDo) Ecpsxjccnt of ic^otoly tlx) £;©3ln*^t 
polccocitrccnt CircctikEij in t t o tx)ot ond nortlit^oot rangtoc 
bQtt,-t2Qr. 377*^-350^ (C?ablQ 9 ) , t ta jor i ty of tho t o t a l vec tor 
nciiJi aniniutto Qt coctor lesrol ohos? olcoct <2cr.lnant cturrcat 
orits:' atltsi lyl-:r; crit:.*::; wost-ecrtltixsat cruatlr.mt Ir±wcsQ 
265^ .'Ui 353*' (v-oalo 10) . Intorootinclv* in no par t of t r s 
study atOiX, t h e meui-i currant o i r c c t i c a alxr^s rsvorcal to-^-arCo 
sowtlx^^ant o r GO. a t eub-arca l eve l t ! ^ vec tor t.con eslmitl:^ 
ranr^ £rct 194*^-333^ lyi"c.; r i t h i : . sc^tliweat ox^C norfclu--cst 
quafiriiiits un£ a t area levcrl 304*^ ' 2yi;;f within aortl :«cst 
cuocSrant (^ciblo 11) . 

1C» 
Volucs o£ Vector Kcan (Ow), Vector r^gn4tu<3o (I£S)» 
Gtcn^ lQiaa t::^eviotJ.(^(o7) QD43 vatlenco (o*) of 
Crosdbe<iaing fcor i!oah'pic oaufiotoDQ at 
A 
*-> 
c 
D 
£,' 
G 
I] 
S 
,? 
a 
E. 
AseG 
'^  (to 
04 
?XC 
26G 
3.71 
lOS 
235 
a-y^ 
iSD 
1^ 
lU 
255 
SG 
2,060 
3CD 
333 
320 
B16 
2.90 
S9C 
391 
317 
390 
2C0 
299 
303 
3C4 
m 
0 3 . 3 
?<5.2 
72.21 
©3.5 
co.c 
co.o 
01 .0 
G2.0 
72 ,3 
02 .9 
71.9 
03 .G 
7G.7 
OJ" 
34.C 
CC^l 
<31sC 
3G.0 
37 .0 
37 ,0 
30 .0 
30 .0 
OG.O 
30.0 
00.0 
30 .0 
<I2.0 
(? 
1,210 
2 ,000 
1,740 
1,323 
1, 017 
1,012 
1,332 
1,212 
2,100 
1,215 
2 ,110 
1,103 
1,743 
IC u 
1.1 o vector otreiiCjtii vcluco (LS) calcfs.lctce Cor I c c u l i t y 
lovtil CPnorcilly csccur in tlx) ojxtoc o£ S5-95 r ^ r e.mt, 68-02 
par cu:5t Qt oGCtor lovol , 71-04 £pr cent a t ei:^«ar©Q i svo l cssd 
77 per cent c t orGQ leve l C^robloo 9, 10 cnC 11) , 
r.t t t o l o c a l i t y lovol thrj otcm«3ar<2 dovlat loa {a^} cnC 
2 
voricrsco (o ) t^ -dro not ccn^oitofl oilaco tlt3 n?2CL!:x)r o5 cocG*jro-
t^citc c t tr:Ct<ri/r:zsl 2.c:^ o5J.^ y rcEOl^ jf or:ccceo CO, '*.=tn ccrrj:::tci: 
VCJIU'JO O£ otosiGv^ Et^  Ccvioticri a t Gcctcr ICWDI, (ptiorallv 
rcn^o fffon 23-40 (^Ciblo 10) , Sro^ 34-4G a t oub-anrca ICTV'OI, 
u i t h a t o t a l oi; <52 c t cccc Ic^ol (c:ablo 11) . Cto cbcro 
contcEiticia io corEcf^orctcxl t ; i th tho ccj2jutc<3 voluos of 
vQricnco of croocbciaainfj uiUcli i^oncp Crop 013-2, <:39 a t 
Doctor lovol CSciblo 10), 1,103-2,140 c t Gxab-aroa Icjvol, a l t h 
Q totcil of l,7<i3 Qt QEoa IcTCl (C'd>lo 11) . 
^lio groator ccnccotrct ic ; . o£ crozdhcCdnv or.;fc?at!-js 
tlriAff lotj vGTlcaco anC t i n dCDinGnco o2 crcnQCoojo l i t to loci? 
in tlrs JcClh£;:isr Croup oro £cattiroo of ^ n o t i c oic^i^'ic^nco, 
l£3 CO £cr r.c tt;o (T^r^oitiuf c^icnrx»l r ^ t t o m a^ cc^^c^ri'""^ „ 
Current uigoctlc^iialD 
'.,'irj l i n e a r current <31rccticnQlr) of Vlnf.hyvin seditrsnto 
1 ..fstcr-: (:ajt;3tl-^ T-ro '-ECC'lnjr.tly ^:n3r.ci.^ .tfnf r a i n l y 
Witt Jo< h^i r .iam BtrTi'j cry t-^ losa OKtcnt t t o s o of GornCy 
al^'.It* u« i t fit t i e o-.!t:r2 £niT-.iticn anf Jofllirur ?.t rt^tona 
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turi-^tlo-'O incltsCe Goj^^rotricol anC Gyrp-otrical rlpDlo 
c r r i o , currc3t*MGrcg Coido and t t o i r oxic tesnd, r-artinf 
l i n c c t i c i amC f lu to nx»lc ccicxtlia. •Tto nlocollGSJccuo 
t l i rcc t loaol C%-tc l::otrc?co£", prcciuti^^^^ cufSAcicnt Cotoilcd 
c?»<aititQtlvo cnaiyoAo. Choco d i r e c t Aooolo tfcro oisr^iacS 
Sor tI':oiir cscr,'c;-ry cniji offikritotSc^, c;:::i3, v a r i d s i i i t y 
cnoljpia fcci^iCcii: cc:iotci:ct:icj cC cao-uoy o r i cn to t ioa 
tiiccrc:ro(plotted in 30° cioon intosvaXo) cn€ CGlculctlcn 
o£ voctor ncciso for <S4otrJI£rtitilc:no of onc-t/av d i r e c t i cna la . 
VCtricbiXity tmca**ola 2os fcuo-^jai; d i r ec t i ono lc inc2«<5o t t o 
CG»iotsuction of tuo-uoy or ien ta t ion ^Jiagrcrso (pa.ottc«3 An 
20® clooo intcrvQio) cnC ca i cy la t i cn of vec tor rocno QIK3 
00301 voctoff trjcno en tI:o baoAo o2 qiacflronto with 0-lCO® 
diatirjl:»3ti<»). 
ilto 2olcirc:it 6QtQ Ccr Icc-Gur^aco os-iontction end Cor 
rlr:T.lo tronfi t^so collarrtot^ c!3£ cxtal'^cG pro^ar ly in tl-^ 
pEcacnt invootifatlcTj, t.te ioQ-surCcco orictLtcticna '.>-r;ro 
e^e.-caf. f r r . ti.o totc-1 of C2 or.L-Tutho KiccrCed fraii 35 
i c c c l i t i o s la r^oly fret- Jo^hjur Oonj-.otono (ApipencliK JI>. 
: L C freruc^ncy 6iot r ibut io- i of accse^cto da t a of Ico-surfeco 
lit a3iii»? xitriCtil rlpi l a s ah-AS tho coSo dirsjcteC tc-sarf^o 
300*^-330* ,^ v^ nt.- ?ftinw_e ciowncairr^nt <f?ir«ctlan i -oiat iar r:sjitnl^? 
towacis nt»rl*p.waat Cric, 13) . %"he vector i.'«un assimutl'' 
ca lcu la tor for nsorte l a 32C*^ « 
-J 
< 
z 
O 
I -
u 
UJ 
Q 
CO 
3 
UJ 
z 
< 
_J 
_J 
UJ 
u to 
5 
u. 
O 
z 
< 
X 
h-
< 
-) 
< 
oc 
z 
Q: 
in UJ 
M 
< 
O 
z 
O 
to 
lo 
5 
< 
a 
< 
o 
UJ 
I/) 
O Q: 
CO 
d 
u. 
O 
in 
z 
< 
> I Q 
Z 
> 
5 
O 
cc 
u. 
I/) 
UJ QC 
3 
t-
< 
UJ 
u. 
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Kippia aysm&txy b&mtd oo the t o t a l mmXysis of 369 
ovetst wtisaitha vmmmicetA a t 54 loca l i t l ae (J^ pssnndiK K}« I s 
sfxnm by a ccxiii;^slt« t«o««ay aiagraiB* Tt» oymotsy ^ p e a r s 
alc^st tcistodal wltb the i&o^ diroctod tc^actSs 40^<»60^ class 
o£ cP«lS€P di5tr4£mtioa ond ttiaa^ orlemte^ sccoas t ^ current 
iHisostSxsi d€^li£C^ £jpc^ oeo9^E»3£diQg« Tt^ mst of tt:^ t i ^ 
iesa a^twilorofl fcneai^Q of triacfial <SistriJjutl«n occur in 
©®-ao*^  aafl 70®-®0*^  olas© Intervals of cP-180*' aistelbutlon 
(Flg» 13) . 
c^rxsnt dsag £ol^3 om almost eaecludiv®!^ dovolopaO in 
3Q!Qh^s B&s^&tmm in HEilt &« cotobl:^ alusost elisant £coo ttB 
otl%>r imlt®. I?b9 as^drastrs' of fim dcta pron^li^^ a t o t a l 
o£ 3a aetouths i:@C9i:^^ a t 7 loo3liti@a C/Mpipendix KXX}« ^^ lia 
t i ^ 19 uninoaal an€l tho t!M»^  dlmotod tc^axas 27o''-300'' 
and Imme pointiij^ ^wacmrEtmt disQctixm toiraipds oosttumst. 
Ttte vector meiin aslimith calculator for mo&^ i a 283^ • 
otrrent £ol<3 s^^iigiatry rro^Maa a t o t a l c£ 41 asiaaaths 
mcoxdmd a t 7 loca l i t i e s (ApExmdix Kit)* ?he co^tposito 
tMo-^a^ orientatlQit diagram ahowa unfsiGdal trend »hich l i a s 
in noiiiheaet-eouthMaat d i rec t ion oceurrinQ in 40^«-60^ class 
intasval of 0^«»leo° dis t r ibat ion (Fig. 13}* 
Pluta irold provided a t o t a l o£ 35 asinttths a t 12 local i t i i 
{^fprnvSLisL XXX)* oontrlbuted by Jodhpur san^atooa. The ona-^ay 
orionlation diagr«n baaed on fluta nold aeyiMBetry var iab i l i ty 
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4G s t r t inc l r t3niino::Ql. Tho frecnioncy d io t r ibu t ion of 
cgcrcfato ac t a ohct? tho ca2o illrcsctcfi toworCs 270*^-300® 
cnti t r aco isK3icat4a0 thD CJcsfanatmrrent d i r ec t ion tcuaisSs 
nortl";s^ot (Cig. 13 )• 5?fe) vec tor cnca onlxaith colculQtc«3 
for 12^0 io 200°. 
Fofitino 2.lacGtic:i io cSsnsi^cntly cni cicrcat on2lt:oit7ol7 
<2cvD2Lcitc3 in ffjct haCCcC (Cailt D) JoQfcrruir Scn«ax3tcnoo. 120 
Qoicajth voluGO i?DCoisSc6 Qt 60 i c c o l i t i o o (Ai:^jcnfii« 321) 
olic;:? psoifoETEoO oriontotioia ly teg oieisg isoot coiitht30ot«ocot 
n c r t t e o o t , ^Jio conimri ni5"!30E' o£ acic^atho l i o within 
00*^-100® ciooo intowQl of 0®-100® <3iotrilKstica. Tho 
EGCorCofi vcctoisr crscn cciraatli i o 2.09® (Pig. i3)« ?^fe3 
birxsjol i ty in Sroquoacy fiiotrifewition, hotircfvoir, io dc^ 
octcblo olt3"-Jiag, E©Eliopo# iocol filwctuationo i a diEocticno 
palecsranxsat Oirocticsa 
"Tic C'lxisctimx of current Cla? eon €.e€xic<M lofcpiy u i t h 
tho heli- oi: rrluurs- se^iisKsatacy otjcuctiarco in tte) otuCy area 
witi the in tent ion t h a t t l i e i r rnorpbolocy cnt? SFat ia i 
jpelotionahip p»a^  Jwive a bear ing on t t e seOiroent trcnaj^^rfc 
ttiractioK anc the dynansica of the ^ a t e r currento in t t e 
baairi of. depos i t ion , Attemj-ta bavo a l so been c a ^ in t t ^ 
present won. t o f nj.ulate the ,^letx:ui.rent a i s t r l b u t i a n baaad 
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lovrla Cor o curn>nt ovaton x^ich ci»rGtc<2 <:tur4nc tH; 
<ri5X:03iti;c?a o£ j<^,li|.uc €s^l>» Ths leconstcixtisn of ial^Jc« 
cursent oyster ci:^ r^c»3C^3ocRiC^ ^-io been be t to r ccblctrctl 
cncli/oto o5 ccntaaiic^ cc£lfccnt;^y oomctucco (ril{po £0p 15.2.* 
scoi-^jnolbio Cos tl:o CO£:;i>olt£crj o5 J^h-jar ca3;CctC3c £3 t t o 
Ccs::jincntli7 CECD cc^ JtJh r^ss^ thDCiO^ co t in nos^JlMJosClx^cti 
cEOcd:iciICinr; CCDO not chocp nator£olly Crc i^ Ursit 0 to 
t a i t D o5 {^oCZx?^E cc^Sotcneo (3G<P ^ ^*^) cricoE;t Cor ECXIQ^ 
Q.t!Ctucticr3 la t^o cunronit Clc::?. s:t!o DOEtli;:SGtcrly 
one: tliero i^ 'j jio rsi/unt; cv^"orxo oC o Gcec::::«2iJrF c^rcefflt 
jji'atltasu fiawsver, tira nincsr i^ ot^ c r^oolo ct loca2.it v cjr sf«:tur 
XQVI'1 in tigciTj^ ur ^di^ '^ stQnc CDF t ^ao^ l i ; bo C^ so to acC')ai(f l^iry 
cui-'CEsnts. 
C'te tencionc> uf stiwll- ant'. Icrcc-sCiil© cn^sabeOc^inc 
la aBjBntinllY unidixoctional, %/it!: rujorit j / rf oJ^JSWtrvatia::: 
in ux;o lymlBphnra^ dXt®cted larp«ar tn-«fart"n ncrt!>«ioit;Ii«est, 
t h i s t^|.« ot si<<iti«*I rttlwticaiaJiii^ of croa^y.'C'i wit:: t?if £:®K?nt 
acciiqs seW'S to have a relattjd genetic- 3i<;tilf icanco. The 
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ccn.!.^? ^offtoaco ceil otc::iiIac3 Cct?ik:C£c:::i ::oinC: tcrasib 
tscrctCET cncant oC olopo o£ t in Co^^ooilticaQi ouci2Gfio (Pespr, 
1.000)* 
34' c f ^ ,x viix !i5r\ ro o£ wbatocn rjsjoottica io ecccaotrcctcG t-ith 
tlje l5elt c i inloirxTrfl ili^*aic;cl cois^-ltSca o€ covircisr^^ant cr.f" 
tl-tci f'r t?iC inttr»fratfx" oti.cy oC tojsturol, otructurcl, 
coiTtcaiti^'^Eial ant' l i tbo lo i i ca i c^.QI:Gctclr4Gtic3 of tlx) 
cl^tat^ KoCi,3, chfj overall stuf.lso cstobZiob t!^ prooonco, 
at least jUi -mxt, ol lliivl.*! cmtl iotortleltalc storoline 
onvircou tonta durlrtr th® clor^aitlco o£ Vio5!:vGn »XJl:o of 
th© ntwfy aroa I t aeieirg, wit!) H I I ri^^^^^^^ltlci, t!\it t !« 
30t'ir'«r,tati«..r. li^ vestea iH^Jaatl-^n'^-.asln fcao not 8t«irtxse' 
1S2 
Cvriag ttxi early VioOhyun tlrr:^ i^ ften tt:© dQtOBltlon ol 
acT^l tsiC riQinnr croufs in tbo c^to boo to tvas in pSQ£se:yj 
GK^fesjicn i s roz^KQOcate^ hy tho oKoc i)rc^clliat. Jolom* 
:;rl3:.;jEQ cri<3 Gsocoicfcal cscnltco cn£ r:aa<ini et^olitcrs price 
t o ttD vinQy^ca (KsSfccstatacrj. trtoso Coro2c^cs2i Q ctcocn 
CQL:i::v:r:t cc^icseGio ocClrtssto cn^rxliy DOSttr^ottrQEeo cm3 
p£::2C:3ced tjcclily t o c3iSic^3.i/ ooETCitx) cnroinoi bcros^clarloD 
QL tl'D GOi^ctcrjD cbpsoito, Editor?, t^o ctf^oiCcrico cC tt-o 
t>coiLn ccncoc^cataj;^ bscR-C^ trcnacrtJGOicQ ci2 c:aslco uotoiro 
ccctiGHOD in tl^ i:3QtGcn Cajcotl'cn CDTLO tfeo toiftiofeisa c^ 
tM: ccx"i;'aiteti«Qn la close L'scsiciti? t o tl^ tD ooiiDCtu £t» 
lrw'.;t:v:'.:.:, c2.ao eucrprXo Iccai vcriLatioas, cntl t^siQ ijrdb^Cil^ Iy, 
t?jU; u ; t i.i t:.a nwrtt; atrwfe**:^  t^dt tl%!^ -^DCO Coti.£K^ i a t t!r> 
CKlfp Qt a2A'unt oharrly elevatcCj tr«ic:-4i tsheco strecins 
cm'«f::9:]<i Iroffi hir i)er Icsmio tax' l a t e r C^ jcxseGTi tt® boaia 
vvi.tl: r i ' ^ r c'ciiDaits, 2t !KJcr.'3 that t!^:: .'\rt::va3.r«,i n ^ a e 
Qxis-leC wx. rai^ Kjf: aiigl:tly liif^rcr t:; i to pKjaant l l i r i t , 
taxlilttsc ctio orj^tofl c t t l \ ; t tiir«s unci nupplitK^ tiT© aRr.iitirsr;l a 
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t!x) uostlx-Dctcri: part c£ tt-O bcnfci. 
t : : j Glsr^ cTG oC hX7 ch^jzol oiciiooiltv r;J^crr.-->3,i; Txo to 
i*i2.c-J0 ultl^ th'Jco, tlrJ c?:josly1i3ic: ccSfconto CED tticucl^ t o 
lizvQ tx;cn (!£oxo35.Cc£ bt; t>JD ocr.3 00^:^17 2i^ **o chcnaoa cr:3 
GC i^:::3Eito Cos^oitcO CIK) -to t t o cuoi^cot: Clc^ oC tto irivoro 
C'lT) i^ roGciaco of caicoccGiiia aaC oiitoscac ccnonotlcno, cri€ 
oQlt E^ csa2!Ccn:Di^ !r3 teGiCQtQ o3lic^2.F ^ttctrjr r c t i o of 
GiX". croci-o psc^ f^o oGDi-orifi ccxtSiticno ond t inolv cs. isuiro 
tu c t least Icto cTDnoceauo cscdirs^nto, :'o^ f.cr tl^iG bcsin 
ci^  Ca:'C3itiG:3 to cstcriC'CO to t!:D Dosttrw-ont io ::t^ te-isLL 
us tho eaclio oco ccocoa2o2 fccoGath tKs sands c l tHjasttix 
'. Ix; .-;GlaKx:t*rRQnt stuCilea ou^cs t t•^.:t t:^^ ^oimCon-'^-t 
«i lIi-!/i..i pattcE.i a\ ti:o IVjlacsos-jic: a^irfaco evaA"entIi; (IW 
n.it cx)r'.t ri&ute IcKC^ o caE^int of mfir^ita oJUrl2Lir to t!^-t of. 
KOu^Uiu.ihly' tjjic;:- ®st>@osrc aiDiiiif^  wcjstem rur?:i;i ut oastom 
ctuir. I.aaiu (etiot ol; arcar.^lli kan^*). 2t i^mn& fii^ wmmr, that 
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cctliooatory tectcnlco cn<2 Coroolto oS axro tlica 100 motOEO 
PDtoFiloS trao bQiao dopsoitcQ in chcnnolo, i^ j^lnt baE cz£^ 
trico to EOoocadbJlir thiicri a;;icootcQo CocirOitAcn t4r:£or t t o 
Ic tcr c::c: cnt c^£ CEO:; €OZZ::O" Cotoslto Ui!C£0 Ospjoitlm o£; 
!xafftO02E>-cs!xo# Gtra3turclGG3 il22stcno tcx^ ^2ac3» cSi l eas t 
^^n? Ccr,« wK'er hi<;> t i^\C O a t Taiwaito. 
M:r3 3«ibal€?Gnre continucC oui tEiinaftrGGOiGa of oeo aa^:n(l 
t'ou'art.ti 3outl^ast u?:aro t t ey rGC j^r-iS to tt^oir cac-tosm 
3e«:5iif4^ritatiu., ( uriiic catixsnato (l^irc^oitla-i, tlx3 ai;ecific 
tvVt^ iX3fiyn«iic osaf i t i f r^ oC <f*oposition a:':«-iir t o hKwo v^irief, 
rc<- ii uf wester': VintniT*-'!-* bus4n t^^.r^r t i , fkxvrc Ututi daixssltoc-
Isi «2 Jiu*3t of coi.^lu1. anC gbalXo** ri^irinis ctivlroittT«Dts, 
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c:5 'vro.l?. c3 in t!-c crov'^  c l (:o:T:;3itl-:: 13^ 3 ii-f2x:eacor i^io'r. tl'O 
c:cil;Dti £Lrjir.r r£co t o c::tcr:c&?0 rcitoo ulili;*^ t io l ; :^ ila t t r j 
c^ucacGJO o r i g i n , i'^'^xr^z, aciMrteg t t o c o r ^ c t l o a oC 
asa^cccci^o CD%rj3ilto tte) cSfcato c^^nrX• vJ::::.J3t Cccn coilct 
t o (jr::i«tiiric3. i^xn^tocat ceil cDljcaz:, D^^ccr-co o£ ccsoKJtl-cao, 
c:x^ sUiQ t o 0:2*^ 0 l£c!2co c«iO cjcntsioak:^ t t o caiSJoaato 
BolSiVi ciz^lltic^iQ c.t t i n c looc r^l ojroaGCaous ocr.ice!itQt4ao« 
M-re stufy d irt^yoncrxe ti.-^ a boon r«xt"o i a tLo ;.r:::'S0iit 
%o3^ «.- ©nca Ju'js tlr.^ fact(;j,>^ 11*.© rttll«i£, etc.,Dsitii^n, 
1 ii-actio.: uts: loc;4it^:^ c £ the ooiax:^ rcxk, ^o ^tlcviT! t M s 
gut.-X tl^J cclloi: of t:*^ aource rocl; v^ i^s ascertuinefi with 
t ho m l . gf XitljuXo^.xc: as3-<:JLati^i', coRU'-Jsiti.'u tar t l » 
baaia o l canatjltuont 6©tri. tal mlneiala in tTia naCKs of 
aodHi-ur owimp, lUitsctltaj and locat ion r-f source? txck waa 
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b-ccot!co t t o cocifcXciQ GcClE:c:3to tferixjolvoo t ^ o pss^^oncnco 
cst3 a Motoffy of tccsiOErDirt; of Choilff CJII. ClD42.Qr:^ lf 
CGc^Xikiatoa CD c-cctj fe^o c2 CCUEOC cock ton5 t o yiold o 
Ciatl^ctivo crjlto cfT clncraS^ ttiscaci^ ctu::ric^O G:?CCO C:::£ 
'• Ix: jx-*f5e:;fo of. d e t r i t a l cJL'Uts of orttcrtiQrtjRitea, 
low uraitoi:a «r*-l£r4, rQC|t:;3ct" ^jr^i^s ci: ruoxtrt ccamclcx'' cl^irt 
i.-»sjoni"Qrt4iXfi uf f a i t ^^ivilila a^.^ecies of f^.a!vimn l ika 
jTouncim'; ru t i Je , tounwilJoif^ tixv' ®ljecm s«i5|XJrt atxc»i<3l> t l « 
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Va) (jiciEtc cs^cino t;itr. rx:io t lun cno ocscoRi --ry cwsEtrOi'tl'O 
KJ:,roGGnt co:patc3 bilstoiri/ c5 ocGSncntatico to tl-^ o GC:3I3CO 
aroo itcnlC CSMS Iic^co tho nsri^nr c5 c5?Gctsc:^ "w>.D to l i j ; vLt^ 
ttirctiC'"-* ncyacJiSoS cs'ctoo {GC«oa3 ci'slo) of tcran^uiino cncS 
DiinGU cscur in cnjor coGcscictlccio er/1 Cocr a GGi:^osttoc 
cwiCcrico Ccir t t o cciJfc'w^nto c t cjc;EC«x:otir3 Co hero t^ ^^ cD 
t:jLth titc) c s«^3 of "ccKrycled nc^:cr^Er'^iC criil "cjtixjrtched 
t^2t^i^£- hXc" i.uL'Ctn ccrjtirii2Uto ttr:; cere oC cv5x\^c^.) in 
^K r.c-uiet cj*r.5'..cj aJU'c:jt a c lear iir'ticatla:: o?? hlrh crude 
ri^rt.^.or][,;hic t<*rraln in tl:c sotirca arer.. '^bo Er^Ictivo volant® 
ot *.i33^»i)2-ga:} ot rycl; Ccagmnts, hath l i r j i t rr.t' Ii4\::vy 
K^inorals au^c^st t > : t t!:!L! rax'^ 'fitutters cantninri' ttcrin-^nt lo^? 
criK^Q r-^ tQifiOjrj.'!iic oouficn ctx .^'S olcnc: :»'it^ lois.'? f.evolo"C2t'' issck 
t«rratn of MrL cr^ r^^ e r *»tcr.orpltic »c«3ca. 
*j^ ixit&rv^ aouxcR wilt' acidic icfteoua rotkB In the 
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txmaiilto iSBo^yiQ trscsTif Cccctisno kic2::::C&r^^ i l cc^ l to frtC 
cc! L-rcj-v t^jruv l^lil rcclzj focn t t o pcannnt Tcy CistsrSlration 
at%y-^32fi aaathacnt of t^G :2trr't/ aroa t^ i^*. tirao nictit be t t ^ 
tQ34ll:>ir 1 t'.3-^ ru;TK-c C'^ Uf, 14). *". M rsT^-'Vlitri^ 'c^n a?»ri::Gn;::t2 
' lx> j;ra«t^iir!w.iT^ r^c: a t!%:t cccrar to th-o tot:.: of 
^ont't.^lalu i^ f Jaw jraliol" ansuiK. .estcrr* rajootl^in earoa ir, a 
aQrtf«u3t«3autlsycs3t r i- .-cct^i foifsoC tire ooly tsuo tectonic: 
i:«)untain cl:,.Xr» J^ i the raat in r^ntoitula CiasHo, ^^575, TTv* 
xro«ittr4 Cj.y CSstsSlmtion ft tU''^ i?oc-.3 i^^cluties tb:? 
occurronca ol roc:.a I>elan<JLne tu pjK?-AraValli ant' j^mt-
joXhl aCjes In ti.e inCtn-jreK"; aoujccc osreu, T^'lie ba:!^ of 
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oil ttsD £laai3 in t t e Do4c^23oactxc£ cC Cl^itorcac^. St to 
CicDS '^lTcS in t^-^ COCD OC otosot coat£csa.c*co COSTD OC ri^^tPo 
t:jc'icc Ciostc^to* ci^:coo c ^ t , ccciitj ir^incD Zir:c:ctcr:o cizc 
C::::? .^:::'^ ; r^^"^S.to co ca:^ * ty^oo Sato 4t« *,to AravolEi 
Cx^ t^cna E^ik^ Clsircri* XD3G). DccCcO c;3oi::cic ccor^aoi Cocn 
v«oti3::c23 pioto pointing tSDofccassQ ciKrasija rsjtalio with o vccuo 
bGonCosj; fej CfcD to^orrct3 CO J^ECO OCCO <Pic» 2i4). 
t i c3 cat] otccoh in tho Scire o:^  c^r^ll C.TJ2 2.crco# i r . tomr t-cc". 
c*otCECi-3 mTcth:?acCo, ct^oo ir.c::o ^ary £;riX3 occsrelt; clcjvcti: 
otaaca thE^^'j^ oletco cvM i ^ - l l i t o am' tnicn m:M>3t3 0OCDS«''ioc 
fco U.« roc-roc c;£ rTitax)rpbioL) ^rMcI. conorclls^ incrciciTfia 
CXcasiukd Culcmsitic, impure, oi l icooio, c!:eEtt; csjcl argille." 
Ccoua IteiGSttxic* li&RCa are a l s o n o t a b l e southwards . 
.volorilRrj, oKiMbolite are Kst oltei-etl into oidrioritots 
OIK. l-ioiTjblGnticj scMata uxiC fcsrr t!T<^  Ixisic ii3tcu3iv« IX3C': 
cc3iai«}n® t^ of t r e iyeavalli !:anr:o« '--^ o^ prc-Vinf^ ihy-iin u l t robasi r 
roc'a int'licte tiilc-3Qrf««iti»«?-«cMcrit'^ cue's uhWti jcej roaenta 
rucitoara«>jlKisoti fojsn oi: i^riOotitea ciOt" jryroKCfftitev in thei 
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in ttoGO cccrxo. 
AscusC cojiit cccnty cjtceoEXJ o2 Asuvaa^i o2,Gtscn Ccsn ttef 
D:sr; t t o bcoo Co:.- ttro ctorls '^C ^TSiifitiyan Gcir;uc3COo ralc:!^ 
bc :^:^  ocoysr la tho noicS':^ >=^ *3Efcoc53 of ^o^h^ir ceil ccmoiloe Doinly 
suv-tt-ul-l.c that tlu) suf;^'-i*.:to k2 tt:o stuCy circa worr? bgDU^t^ 
iwi.nI: liY fluulj;: currento txxzi this ctot.3PCx^ . rctQ3e('iit.ctito 
were CKtO!:3lve .xc' i:i a l l ru^cS^^^^^S' ccst liovn cotramf tl;t> 
olc.er f,r^:ltC3 out. ^nal'jsGa uuC Qipult;»jascisl^ ^X^ys^ vs^ry 
ir-ifcrtunt role Cur the oatur i ty in Viijf!iy.ia ootlfcento. 
Charter vi 
ttto t^toChyco Cain baoln cml cx^cur co co la t ivo ly t b ^ % 
ocoarjulctotfl cK<1103nto cf an c\?orcro th^tsacao o£ 192 a 
ia t t e inycotic£^^c£ osco, DhDOQ cccr.o at© SoxxnoiS-y 
Oivioiblo Into two tnataal^y coDCoir:i^2£3 Cczisatioas oorJoiF 
ucChrxis CcunfiGtoDo Qocl JoChpur Uteaotca^o in tlic asceodino 
os^^jff. T.'toGO t^'o Sonraticna, ca tbo b^ai© of l i t h o l o c F 
enC ooclii^cntacy choras tero , h^-vo t u r t h s r fooea milb-aivMcr 
lnt% t::i*cu or r.w :^:o OQita. Cac!i c l tlioae Units on 6Dta41st: 
otixly ia t::ro oCJocent oirtja ciay oc^ i i r c Cor-^I otcstua oC 
a t the boaai i ai-t, i s c^'crlain succoaaiv^ly by l l a t tMwadlGa, 
chwi .QI one t i ne lia&inoter f&cSsss wit! the UCCUJCXBHCO of a 
d i s t i n c t get of mat Iwentary s t r u c t u r e s in nach Uni t . 
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uiM^ixicat iargo-acale trough ond plonor t% o o£ csossiboOtD^ 
ziif^yhs i.sjr':s or varlouo klotlg ojxss&^.ic occurreoco ol 
ldbca33S^r©n cntl p iuc i ty of €to3 c l a s t i c charj iC^rioo tfD 
mM'^^B E^rt c£ JoChpi? oandstono. lb t!s) UErosr half frlco 
£;S.^ to Lv2.Cf c«;rmt«-dcac stiructtiEO, r i l l one" J>ownco caCI:. 
iouG otEucttiEC, cvrwoiuto Soininatlono ceo GaaocioteO 
^Ts^L'olly ©fltb fcfJD £4DO c i o s t t o o . CC^ i%2r^x:^ic osiiXJSuro 
cnt c^eoioccticn to t!iio Ccoico ^ car..cc: bj? tt;o i.-'SOoeacQ 
cf ri2«Q crcc:;o cca o a l t r^yo'cQoDOCfpJD^ 
uto f^csSli^ 'UC EinKsatcaac i o cctiito <i4CCoccnt £con cat? cC 
/^r^jvolli l l cootcaca . St lo a £wcif anC Cino ^^(^in^yZ nt^rj-
cr!/3tol2.4no ro:;!: csaos^t Cor tho trcguio s t n i t l f l c a t i a i , tt^X 
&.0 €zx&2C hy t l » l e n t i c lea cx^ i r r t guloc nanooB of c t e r t , 
I t otoio Q e i f Coront aQsodi^ti-cn cf oc<jtecnc.cry s t r u c t m ^ s 
ln:::3nuch C3 s t rcfaatol i tos ar® c h o r o c t a r l s t i c of t t o 
Ccjpcsation. 
l^eteocffaiMcally t he r:uartc**r4ch sandstonQS shtM 
Q:< icst Ronotoicua charactoro cnU arf» JjwarJUably rsature 
t o x t u r a l i v (mf- fnlnoralogic.tily. The ccsmj . - s i t iona l fwatwrlty 
i s ^artl :^ in te r i t e t l frrj? tti© rocyclfjct £widlmetit3« iwataawdjjraents 
am2 t a r t l y frun tlm s t ab le trciJcwor as aediiwsntation, rt^  
ant I t i r ^ , th© ^onastuioa are uttlwcsdally a i s t r l b u t o d , msKSiun 
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t o Cin© gr^iiMia, toodersitely t o %roil-30:rt8a, tinmly t o 
attonclv sltew® #^ cieso-. t o lei^oikattic* zts^ a o t r i t a l qrairts 
ar©» on GO averat®, roarKjetl to stsb-rasisftefi tuC* stn: cniKcdaS. 
(5.istrll3t3t4cn cl ^ a i n COJIKIIIOOO cnfi ssrail olcac^ittoi ratio* 
l:o:.fsr,t2t2 cs^i''^^ o^ tc;Tra2.1:^.o cn^ ^ circcr: (inil tlr^ir 2r;3(,t^ 
;::rr: bze^iilt:: rc;tl- Custt^cf teat i t v tlx) ccn.:^z3ltAonQl u^turlt}; 
c£ ttes© SGr^stdies* 'Jte (SiGgDaoaio feo o snilO affect ca 
ro«::33it!7 o£ t t e 0GnCstci:D3 ^rberooo tlxi c^aiXiibio sr^coQ 
bot^jciJ ec2^. a^»l:i oio i::m;,"C ti: cnttealv citl:» o l i l ca a r s a t o 
QlccQSccicsa intsusr-arns^sito, o icc i to , d s f a y aicritx) caC 
icriJUiQtcS oicri t€x:clciail . t i t© Gnf> c te r ty , oiliceoun oii '^ 
i-^alajs4t4r:atioij in r^iiaorAl!; r-GQoccot®jjp:ji:ai^ou8 i s o s i c ^ 
cujtoorietc matrix. :i;^;«irlaT«otal ot^ j<2Scs ar^. ctoservatisxis ots 
r.-«jd®m ciol«sRlt©3 ott^i'Oiti in fitwour c£ tJ« ateliLx Colosiitl*-
e&ticH) |-*roca»a in tJariim nkir^-inal uati sui^ratldal envirt;rjr,«Gat« 
*:im d0positi 1411 «3vi»jaKeitst «f Vi^hym^a of l«J8t®f« 
Kajtii^han, baawwS on atructut@# toxtuxo and naglman evalu€ttic»i 
Ar^ Ticat© that i t «jih«»e<S iri an ora of fliivial a©dirw?ntatigii, 
<mst«t at wt IA.'^  XM meaikmC hy the chupoaition ot dittcontinuoua 
iena«3 a l itMstai ccmQlopeiratna cinrcirlyinc the Pxecaai>rians, 
As fast flowirjc; br«ifl««Si 8tjr«aiQ8 flushsd into th« ba«in« lowtr 
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m&^nstB tiko laatQC® olcusts and ctmrm cfcaliis «mre <topo9itis^ 
UKKSQJT ttm inihmac& o£ oobrafichiaQ ctmsmmla on {wlnt bar 
dtei43sits Gi ttB eXvms of lo^ diacmeJi s^iiiOBit:^'* ^ ^ ^ 
cootrarir# tbs thinly bet^M and glne fiesklsed faciest attrl!:mt@£ 
to isw©© ds i^s l t s , i® ®oHp«^ i®2 t o !isw5 tm^n loiC 6a&n in 
alsiost ciaite waters i^ iisQ £1C»9ES wist^ra o£ a sttecoB cnreetoi;^^ 
i t s banl^a* t^^sGliiss iDaicatord of esetsen^ shallc^ t^t@r c r 
m&f»aerial oovisxiiKuents inc2s(3e maQ crc^cius, d l l m a i ^ and 
aa l t pMRidcaioxplia io thesm €iepoalts, 
eugge^ selieU io the asrjirco g r a ^ a l l y smootf%»3 out anO 
til l dtu6y suggeata tl:at t l ^ very slois? rat@ o£ su(biilc:k2iic@ 
wtm go$Xig on i^aiari pasaa with sediimmtatios io tti© basin • 
^-^ vaz^ ms^sifSQcce ccetJ^mef* i» a&^oat a stable s t ^ f ant<f> 
cQsultad a JLa)^3@ inCIydx c '^ caidtMKiato deposition. aa£4d 
bttilt-mp o£ intenSeitaiic sbozaline «nirixxni^<;nt3« p9Ctua^# 
ioiti£it«ti the doposition of iimastoiUMi as stzpirotidelf lagooa 
and hifili tixSal £iat sedlmaQts* Tha vwiry nactensivemtmi® of 
the mSbvmtg&S. shoives ainost %€tf9mxt&Q ttm mam action and 
jc«sult«d ttm «oeuinuldtion of thinly ia»inatad mai&stoam malial's 
from auapansion in a ion a&Qvgy aupratidal anviroexnant, Tha 
pariod o£ ioexeaaMd psotection an€l tha ahalloimeaa initiata<!l 
thtt dapoaition of d ia t inc t hoaocaoaoua fina caib<mate 
cXaatica aiecaptionailv from auaponaion undar la^Uieinf; 
eonditicaia exxd in tha idtaance of wava action* l a t t a r tha 
oharty and aoiovit ie fractioaa* accumiiatad on hi^h t i d a l 
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fl..tQ luaXlt oj t auo t o f i l l i c c tip of la^scHQl bcoln ocC t t e 
1 alooccupijcnt ctu<lF c£ tho Jajtt:::3r ooisCctoao fc£r;itia3 
bn.iiKix': ctj dAsKcticnai ^ructtiroo owccls that tho co2te3nt 
vi:": f is 'cnrx ' : I;:; ttX) d-jvl.;;. <r,i::Ltr:t cy:;t<j-'. ttrjt UZcrJCfl 
wCr.,:;,; c:.c ::^ c i^rj £OE3i3tantlS'' Crtan ccx::ti-^aiit t o nortlx-crst 
rl:^*^- cviiDsatly ECtxilcc^ o t o ^ t isnclijac^ tt>r::"jct'iirat t t o 
ri5;c';it4a3i o£ t in u:xlc ^ o ^ n c o . A ot&3i/!4airs' ctsrirtsnt 
L> -^;;ta: dix? £2.c:j'ac'. fecik-. tx^ itfe to tiost d l r a ^ t o o , Hs) ctC0G«» 
txC3 (J^ :;:? Qlxssait G tsnlEaTTul Cistir^^tlGn oC <Qlp GEfcutli* 
t f e i r reao orientotio:) 4o 304^ t;itli a vartuzco ot i«?43 
cr::;: ctQnC3j:x3 r.iJv?ldtion 42^, canpL.xcib^ i:ltU tha t o£ otltcr 
Cit:\74ol oonf^itoncs, *:.to r^inciri>a ccatrHsutinr soi^rcc aroa 
€2KiotcK3 GQUt?3cast ciic oast QC ticj fouaii: c««3rri3it:t' •?all^in 
ont". Ari2sralli3» r.QlGtS.vc% K^^eat sti:e««titi m2i-i;2io<^ t i e 
DQC^TClcsO ocE^s CcMf. oliT^st ralsad portiuna of t l « i'^csvalli 
rexiip onC tl'M viTK I)^«a COG .i wern a r-^ucatl fr.'4?s i t s debr i s . 
1I:» convent JUriiil interprotst toa of raicascxrurcenta of 
the st'cfiBil vin^Jrv"*^ aaaf^ -uenc© sha/a cm toj-roaaive s^ ra l le i 
IxjtwQfSi t^ci palfiWKjalc^a atui tlv^ etinctSjon ol" troossj^irt of 
tl-e twu wiaotl^ aoi^r*it.'f Vi»f!Tiy«3J3 b«i?Jln3 with th® Armraiild 
jLai«rvcnin9. ^Jhiii i#l®rtt«wwit#n, r-crw3ver# infiicates that at 
Ic^aat acr.© j.«irt cf ao<3iiB.«*nttiry associatiun am' the cl<uitic 
fillini^ in tb@ wciatoisn baain warn aliaoat ccmitmB»pot^»xmoiia 
vitt> tli« Rmin bii^aici. jucb c l a s t i c f i l l i ng 6i,ttmt& only in 
a.€7 
fltCdXa onC Cixmualua £son the baain end the thli^ning is 
inciicatQ^ by th® lepj lar overlap c£ yo^i^oc bQi2«i la wMoJLy 
oeraratod basins CGw<ir;tac vIxSa area in t;aste]»i Hajasth^m. 
ito ai^ piTQCic^ i© period of t t e s osis' bcsvo Q3Uip3Q<3 (Saciu -^ on 
Qotiro ct^ cm03 ©C cooaiticcs from i o t e a ^ volecoic ac t iv i ty 
to tl:o nlcclTi ccaazalattea cf Vinftyon ooOir^Bto ia tfco 
t.'QSt©cn tJoiGotbcia Qoaa. Tho iGto sewSici^itatiai In t to 
«eatQi3J baoin be^aa oteost ccsat^^gsjismooiisiy ^ i th t t e 
^£»3 i t i c a oS OteE«2or C^siap in tbe rain basin, 
Cle diesesaiocicoi txssrximltikm, d o t r i t a i ocmotitucnto* 
cxjront QS«3 i^iat ivoly %i3& oicmcstiosa catio of ^ a r t s cpcoins 
c^fvoai ttict tbD bul^ €& t t o f^aibris w^im (kirSmfed Scan th@ 
pzxff^ eaonce IhovioQ olti^ir grsnitoa, tiisoot€i^ K»rpbo@c6 caQtiis<93i» 
m^nts, Icm t o bic^ i^  gr^@ ©etcirxn^-jhic roc!.9, scsffio baoic cn-^  
acid i£2tia23ivea. Xc^aea* rochs of tt':is cm^saitiem axo widely 
fkxpcmed in soutl^m, sosthsostera t a r to of tbo 3tu<3y aiDQa ©&d 
th« Vtedhy^n iroc a «®r® puo&ico^ f tos t t a i r (M^ris. a 
•ubsidiar>* s u n i y o£ soSiiosnts i?iig1^ hmm omm £tsm tl% 
upiiind to thB <ia«t«, £xc«) the ^cro«»£t cooks of similar 
eompoultu^. How far the Viadltyan basin o£ ^storx} najfisthsR 
•xt«nd«K3 to tbtt nortbwttst i s not known, as th© rocJcs am 
ooiic«Al«d boneath ths s^nas o£ dusost. 
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56 7, 6 . 8 . 10. 10, 29r . 305. 306 
59 240, 270. 274. 279. 2fc5. 307, 307. 308 
60 268. 270. 270. 275. 275. 2^2. 282. 268. 28C, 
290. 304, 3 04. 304. 310. 336, 340 . 
210 
APt^iDIX XX (Gontd.) 
Loca l i ty Cxosatoeadlng j^ifcuths 
62 270, 277, 282, 305, 305, 305. 315, 317, 333, 
334, 335. 
64 30, 30, 245, 290, 290, 295, 306, 308, 308, 
320, 320, 344, 360 
65 240, 285, 288, 298, 3C5, 310, 310, 315, 315, 
315, 316, 333 . 
66 7 , 7, 9 . 10, 15 , 15 ,300, 315, 328, 355, 360. 
C^ 120, 168, 195, 200, 215, 215, 215 . 
71 270. 270. 282, 284, 298, 299, 299, 299, 299, 
305, 3(^, 3(^. 310, 337 
72 210, 312, 242, 244, 244, 206, 272, 275 . 
75 240, 260, 260, 264. 268, 278, 303, 305 . 
77 210, 225, 228, 236, 253, 255, 263, 265, 265, 
277, 277, 288, 290, 305. 
80 240. 255, 255. 255, 263, 265, 265, 270, 275. 
276, 260, 311 . 
82 211, 255, 260, 272, 305, 308, 308 . 
63 244, 250, 254, 260, 260, 260, 275, 275, 276, 
260, 307, 307. 310,. 315, 318, 322, 322, 328, 
333, 335. 
64 250, 280, 268, 266, 277, 277, 277. 260, 302, 
305, 305, 310, 315, 317, 317, 326, 348, 360 . 
67 265, 266, 261, 264, 268, 291, 306, 306, 311, 
315, 315, 315. 315, 319, 335, 336, 342. 345, 
345, 356. 
68 255. 260, 262, 276, 276, 304, 310, 312, 333 . 
89 266, 266, 269, 275, 282, 263, 268, 295, 306, 
336, 340, 340 
91 22, 24, 25. 33,100, 100, 304. 
(ccmtd.) 
?* * 
* • « , * 
APTEISDZK ZK (conta,) 
Locality Ccossb^aiDf; As tout hs 
94 265. 277. 2Cl, 311, 311. 33S. 335. 335. 338. 
96 244. 2S0. 277. 260. 285. 310. 310. 310. 315. 
m 253. 255. 266. 285. 305. 312. 315. 320« 344. 
100 270, 270. 27C. 2C1, 303. 3C3. 315. 316, 320. 
355. 
101 l e e . i e 9 . 242, 265. 277, 277. 277. zeo. 285. 
288. 344. 356 . 
I.C2 225. 225« 256, 256. 260. 260. 260. 267. 260. 
272. 277. 277, 280. 260, 260. 284. 285, 286. 
205* 
103 225, 230. 235, 235. 236, 238, 253. 268, 268. 
260, 274, 274, 276, 270, 205, 285, 2E8, 291, 
310, 310. 
104 244. 244.2 50, 274. 274. 305. 3(%, 315, 315, 
320, 322, 347. 
105 2 0, 270. 270, 270. 275. 277, 277. 202. 303. 
305, 305, 333 . 
106 225, 225. 225. 244. 275, 2C0. 305, 306, 315, 
337. 
107 240. 266. 266. 303, 303. 305. 305, 305, 311, 
311, 315, 3 i e , 320, 335. 349 . 
100 232. 235, 266. 275. 275, 284, 305. 308 . 
109 270, 272. 275, 275. 278. 2ES. 265. 291, 295, 
296, 296, 299, 309, 311. 311. 315. 316, 344, 
34S. 
110 2 7 , 29. 270, 272, 274. 274, 286, 269, 308, 
316, 322, 325, 330 . 
111 239, 265, 272, 275, 275, 282, 304, 305, 305 . 
( O ^ t d . ) 
212 
AllEi^r^ I3C (Contd.) 
l o c a l i t y CcosaatMi^dinfi Asiinaths 
o*————i^^" iiiKimi 11 a^mmmmmmmmmmmmmmmummmmm^mmmmmmmmmmmmmmmmmmmmmmmimmmmmmmmmmmmmm 
112 270, 277, 277, 277, 305, 305, 305, 305, 305, 
310, 312, 320, 337. 
113 211, 215, 270, 272, 275, 275, 276, 311, 314. 
lU 266, 2&S, 2^5, 290, 310, 310, 312, 315, 310, 
320, 320, 339, 340, 346 . 
115 3 0, 270, 273, 274, 275, 303, 303, 335, 355, 
356, 
116 1 0 , 19 , 26, 44 ,330 . 
117 265, 274, 274, 275, 280, 3<r, 310. 310, 310, 
310, 342. 
110 244, 200, 200, 280 280, 3<m, 307, 315, 313. 
322, 336, 354* 
n o 270, 270, 270, 277, 278, 280, 265, 310, 311, 
311, 331 . 
12© 215, 226, 235, 255, 273, 275, 276, 280, 304, 
305, 305 . 
121 244, 250, 200, 2C0, 282, 290, 303, 310, 333 . 
122 8 , 11, 15, 39, 3 3 0 . 
123 5 , 35 , 300, 353, 335, 356 . 
124 245, 250, 255, 256, 258, 260, 275, 282, 262, 
262, 290, 303, 305, 306, 307, 315, 310, 352 . 
125 225, 235, 260, 274, 274, 279, 205, 205, 285, 
290, 305, 322. 
126 212, 215, 259, 277, 277, 277, 303, 316, 31C, 
316, 320. 
127 ICC, 190, 190, 195, 214, 215, 222, 225, 244, 245, 
250, 250, 250, 253, 2S5, 260, 264, 265, 265, 
265, 276, 276, 278, 264, 285, 285, 285, 295, 
3C%, 310, 315. 
(COQtd.) 
213 
API'EISDXK tK (Oonta.) 
l o c a l i t y Cco3Sbe<SaiDg Atslratsths 
126 1S5* X90« 190, 190. 215. 216, 248. 2S0. 25S, 
256, 2S7, 260. 277, 277, 2C0, 260, 283, 284, 
291, 299, 29S, 296, 300, 300, 300, 300, 
129 3 0, 300, 315, 315, 315, 342, 348 . 
aSC 270, 300, 200, 325, 330. 302, 355, 360. 
231 270. 275, 275, 260, 280, 305, 305, 303. 303, 
339 . 
132 240, 275, 277, 277, 300. 304, 304, 304, 310, 
330, 330. 
133 2 5, 3C^, 312, 312. 315, 320, 325,3^2, 344, 
344, 356. 
134 10 , 15 , 15, 20. 60, ED, 278, 280, 280, 306, 
330, 350. 
135 30 , 279, 280, 204, 305, 333, 334, 335. 
136 240, 265, 265, 276, 276, 311, 311, 315, 316, 
336 . 
137 235, 235, 260, 272, 274, 285. 305, 305, 305, 
309, 306. 
13e 215, 215, 220, 265, 2<B, 27r, 27C, 200, 2C0, 
260, 302 . 
139 244, 245. 230, 275, 276, 265. 280, 290, 303, 
305, 305, 315, 355, 
140 270, 2BB, 286, 290, 313, 313. 313, 313, 336, 
340 . 
141 260, 260, 275, 275, 275, 275, 305, 300, 310, 
360 . 
142 240, 242, 245, 295, 260, 269, 278, 260, 263, 
266, 311, 311, 315, 318, 31S, 318 ,344 , 349. 
(Contd.) 
214 
M^fSHur-; XS (Conta.) 
143 2S5* 260, 27S, 279« 2e0, 2e0. 285, 290, 310, 
310, 310, 310, 314, 322, 325, 325, 333, 333, 
340, 341 . 
z^c 2 ^ . 2 ^ , 2C1, aee . 290, 290, 290, 290. 295, 
295, 307, 307, 3Ce, 313. 
145 262, 265, 268. 275, 275, 204, 2£9, 305, 303, 
335. 
146 2 2, 335, 330, t'^jt, 344, 349, 350 . 
147 244, 277, 2C0, 2C0, SeO, 2ES, 303. 3ffi>, 309, 
309, 320, 322, 349, 360 . 
140 25, 29, 2<B, ac©, 309, 310, 310, 32S. 
14D 30, 276, 27e , 305, 305, 310, 344 . 
150 10, 10, 10 .300,308, 308, 3 l e , 325, 325, 335, 
336, 340, 352 . 
11)1 20, 32, 25«295, 3C5, 310, 312, 345, 349, 355, 
353,356. 
152 3 0, 307, 310^ 328, 335, 335, 335, 335, 335 . 
153 55, 270, 296, 3 ^ , 355, 360, 360. 
154 5 , 5 , 10, 35 , 27e , 2SS, 290, 305, 3€B, 310, 
310, 320, 320, 320, 320, 344, 347, 359, 360. 
155 240, 258, 266, 270, 275, 275, 275, 275, 2C8, 
333 . 
156 215, 245. 255, 260, 260. 277, 277, 260. 205. 
285. 285. 290. 295, 303. 
157 I f e , 215, 225, 2&0. 260. 277. 200. 2 6 3 . 
158 218, 220, 245, 256, 275, 280. 2CS, 290. 309 . 
159 295, 3X0. 31S, 3 i r , 329, 344, 350 . 
(Ccmta.) 
215 
Al^ l'Hm^ ZK XK (Ccnta») 
160 240« 240* 26S« 266« 266« 269» 269* 276* 200* 306. 
161 225, 244* 24S* 2S0» 250* 260* 278* 280. 
162 10* 270* 310* 310* 325* 340. 
163 185* ICC, 220* 259* 260* 277, 277, 285. 
164 3 0* 277, 288* 290* 31C* 319* 320* 325* 325, 326, 
326, 335* 340* 342* 355* 355* 355. 
165 5* 10* 10* 10* 15* BO, 66* 280* 280* 2C0* 305* 
345* 345. 
166 3d* 275* 310* 310* 312, 3SS, 360* 366* 366. 
167 244, 277* 279* 303, 310* 312, 312, 333. 333. 
168 5S* 285* 285* 322, 325* 330, 350. 
169 2 5, 25* 275, 280*313,313*313* 357, 
170 215, 260* 260* 281* 290* 310, 310, 325. 
171 256* 256* 266, 277, 305, 305, 305* 316, 320, 340* 
343. 
172 240, 270, 300* 300* 300, 305* 305* 310* 312* 335. 
173 220* 230, 260, 275, 275, 275, 310, 315, 325, 325. 
174 6, 10, 330* 335* 335* 342* 345. 
175 240* 265, 265, 270, 300* 300, 300* 300* 300* 325* 
345* 350. 
176 255, 255* 255* 26e* 312* 315* 315, 315* 360. 
177 240, 340, 245, 275, 275, 278* 303, 335. 
178 240* 245, 245* 245* 265* 275* 275* 275* 280* 280, 
310, 310. 
(Contd.) 
216 
fjpmuoiK zx (contd,) 
Locality CxDsaijeddiiiQ asispuths 
Vf% 240* 255. 2€e, 277, 277, 277, 288, 295, 315, 325* 
ISO 212, 220, 225, 2 ^ , 265, 266, 260, 286, 290, 290, 
290, 305, 305, 305, 
1£1 l a s , 2X5, 230, 255, 255, 256, 265, 275 , 
182 277, 27r, 2eO, 304, 309, 3 3 8 . 
183 210, 215, 235. 260, 260, 260, 266, 276, 320, 330, 
184 240, 240, 245, 245, 255, 260, 310, 310, 318 . 
185 200, 215, 215, 255, 255, 260, 265, 265, 265, 275, 
275, 281, 282, 290, 290, 310* 
186 180* leO, 210. 215, 245, 256, 280, 282, 285, 303 . 
187 235, 235, 235, 255, 260, 275, 275, 275, 275, 300. 
160 225, 230, 233, 250, 255, 273, 273 , 265, 286, 330. 
189 212, 2 ^ « 245, 266, 272, 273, 278, 280, 285, 303, 
3<^. 
190 10, 10* 90# 300, 355, 355, 360 . 
191 185, 220, 255, 255, 255, 280, 2 9 0 . 
192 7, 7, 10, 15, 22 , 22, 276, 285, 310, 310, 315, 
316, 320, 320, 335, 335, 335, 335, 342, 344, 350, 
360, 360 . 
193 7, 7, 10, 10, 10« 10, 12, 15 , IS , 15, 15, 18, 36, 
36, 40, 50, 305, 305, 33r, 340, 340, 340* 340, 345, 
355, 360 . 
194 215, 235, 240, 240, 255, 255, 273, 274, 286, 290, 
290, 290, 290. 303, 304, 315, 322, 322, 322, 335. 
195 255, 256, 275, 275, 275, 288, 269, 295, 298, 311, 
312, 315, 315, 320, 320, 325, 340, 342, 350, 350, 
355 . 
(Contd.) 
217 
M'pQmnK IX (conta.} 
locality Ccosaboddlnci imimitha) 
196 17, ia« 20* 20, 22, 269, 269, 309« 309, 309, 309, 
316, 310, 320, 320, 329, 339, 390, 392, 360, 360, 
360 . 
197 266, 278, 280« 260, 315, 329, 360. 
19e 3O4 269, 265, 26S, 305, 310, 310, 310, 310, 312, 
316, 316, 339, 340 . 
199 220, 265, 260, 277, 27C. 279, 3m, 309* 
2C0 242, 2 ^ , 277, 2C9, 269, 290, 303, 326, 329, 395 . 
201 22, 29, 259, 295, 295, 290, 265, 265, 277, 276, 
276, 276, 303, 305, 312, 312, 312, 312, 312, 315, 
315, 315, 320, 325, 325, 329, 340, 344, 349, 349, 
349 . 
202 30, 30 , 39 ,244,249, 290, 290, 290, 295, 272, 275, 
275, 280, 260» 280, 260, 265, 290, 309, 310, 310, 
320, 315, 320, 325, 333, 337, 340, 340, 392 . 
2m 
A»PESDZK X 
Dimctional Data t Ripplo Cseat Asinuths* Ripple 
mymmttcjf Asinutha from vinahynna of 
mmtem Rajastban 
XocaXity 
2. 
a 
7 
XX 
15 
It 
X9 
21 
25 
26 
30 
32 
35 
38 
39 
43 
47 
52 
56 
58 
62 
Hippie cs@8t Asieuths 
05 , 05. 
10« IS , 
60, 9 0 . 
5 0 , 55 , 
15 , 30 
SO, e o , 
90* 90 , 
GB, OS, 
60 
60, 60, 
90« 100 
65, 75 
30 
60, 65, 
10, 25 , 
40, 40, 
45, SO, 
e o , 80 
10, 10, 
60, 60, 
40 
15 
60, 60, 
05, 05, 
10, 15, 
50 , 60, 
65 
e o , 60, 
100. 
30 
05 , 20, 
05, 
IS , 
60, 
60 , 
95 , 
05, 
05 , 05, 
15, 20, 
^ , 70 
60 , 00 , 
9 5 . 
05, 10, 
^ , 65, 70 , 
, 100, 100, : 
70 , 
30, 
40, 
50, 
25 , 
60, 
60, 
OS, 
15, 
60, 
85 , 
60 
70 . 90 
05 , 
20, 
es. 
10, 
70 , 
110 
170, 170 
40. 40, 
60, 60, 
40, 40, 
70, £ 0 . 
60, 65, 
05, 05 , 
20. 20, 
60, 60. 
£5, 65 , 
40. 
60, 
40, 
70. 
05 , 
45, 
70 , 
65 , 
10, 
25 , 
es. 
10, 
80 , 
45. 
60. 
50, 
70, 
05, 
50. 
70 . 
85. 
10, 
40, 
90 . 
1 5 . 
80 , 
45, 
65, 
55, 
75 
OS, 
50, 
100. 
Rl{il«»' Aayn^sQ^cy 
275, 
360 . 
320 
300 
350, 
275, 
-
330, 
335 
%00 
330, 
280, 
310, 
260, 
310 
* 
330, 
9 5 , 
TBS 
390, 
300 
275 
270, 290, 330, 
355, 360. 
270 
340, 360 
340 
300 
315, 330, 340 . 
330 
350 . 
10, 340 
010. 
(COQtd.) 
219 
Ai^snozx X (coDta.} 
Local i ty 
64 
67 
m 
74 
7© 
79 
Ljl 
CS 
89 
92 
97 
101 
105 
Hippie CTOst Asiouttas 
30* 30* 30, 30« 35, 
SO* 50, 55 
90* 90, 90 , 90 , 90» 
100* 100, 100, 100, 
05, 2C, 20, 35, 35, 
70 , &0, 100, 130 
10, 10, 10, IS , 15, 
25 , 50, 50# eo , CO, 
20 
30, 35 , 40 
C5 
170,170, I t s , 175 
100, UO, l i s 
29 , 25 , a s , 30, 30, 
SO, 60 
170, 175, 175, 175 
145 
10, 10, 10, 15, I S , 
35, 
GO, 
100 
35, 
2S, 
OS, 
40, 
20, 
49, 
95 , 
50, 
25, 
90* 
40, 
20, 
49, 
99 , 
65, 
25, 
45, 
25, 
Hippie AsytesQotsy 
Axintttba 
3<%, 
360, 
320, 
330, 
• 
310 
355 
260 
45 
350, 
2m, 
235 
260, 
300, 310 
10, 10 
340 
350, 355, 360. 
350, 355 . 
265 
290, 300 
40, 45, 45 
n o 05, 10, 10, 30, 30, 30, 30, 30, 
35, 35, 45, 45, 50, SO, 80, 60 , 
eS , 95 , 100, 100, 100, 110. 
114 20, 20, 25, 25 
141 175 
ISO 105 
166 60, 60, 65, 65, 70 
176 05, 05, 05, 10, 10, 10, 10, 35, 
35. 45, 50, 50. 50 , 120, 160, 
169, ISO, l e o . 180 . 
ISO 80 , 80 , GO, 80 , 85 , 85 , 90, 90 , 
100, 100 
194 55, 55, 55, 60, 60, 60, 65, 65, 
70, 70, 70, 70 , 75, 79, 80, 60, 
95, 110, uo« 180, leo . 
2eO, 350, 360 
330, 335 
275, 260, 300 
350, 360, 360 
325, 330, 330, 270, 
(Conta.) 
220 
AFPISIIPXX X (Contd. } 
locality Hii^e cmBt ^mimittm ^^iSi^JET'^'^ Agiaattm 
aOC 10, 15. 35, 35, 45, SO, 75 , 10 , 350. 350, 350 
7 e . 90 , 80« 90, 100# 100, 
113, l i s . 120, 120, 170, 
160, 100* 
JSDISVa tJCBTSmB 
214 
220 
222 
226 
220 
235 
237 
240 
245 
249 
250 
50, 60 
GO, 60. 70 
leo, 100, 180 
60, 65, 70 
120 
55, 55« 55 
35, 35, 45, m, 50, SO 
90 
60, 60* 60, 65, 75 
eo 
70, 70 
221 
rjocaliity 
3 
r» D 
A x ^ 
10 
1.0 
no ??. 
24 
20 
34 
30 
61 
40 
SO 
33 
50 
62 
64 
67 
69 
11 
74 
m 79 
G3 
84 
66 
437 
88 
2 :^woi:af:o AEirasth 
220# 1142, 
175, 1651 
l.5C« i64« 
1S3. ICO 
i 03 
&&& 
09, 2nO, 
A U t J f »^«} , 
00. ^10 
i3L1D# iSG, 
i3&« OS. 
9C, 122 
21 
141, 132 
C0, 109 
100 
102 
169, 90 
109 
143« 26« 
9 9 , 165, 
105 
100 
AfStA 
4 
C€ 
59 
9 3 , 111 
113 
96 
, sn 
, 127, CI 
37 , 69 
2G5 
Lca 
. 105 
130 
2Q 
r c c c l i t y 
CO 
93 
94 
9? 
98 
100 
ICI 
103 
10<3 
107 
106 
ICD 
UQ 
11% 
112 
^!E4 
«lkX«^# 
lie 119 
120 
%2'i 
123 
125 
126 
130 
131 
133 
134 
136 
137 
Avorcfp /intoith 
113 
95 
94 
148, 2S 
106 
i j j l ^ 
90, 171 
9 9 . (D 
69 
CO 
43 
142, 90 
72 , 160 
H 
38 
103, 99 
95 , 12 
85 , 69 
90 . 39 
96 
103 
2 
4 
153 
ICO 
92 , 110 
9 
147, 25 
103, 135, 149 
4 
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APPgH&XX XXX 
Dicect icnal i^nta i Assimuths of nJUicellcucmoitfl Di rec t iona l 
rca turea ttom VixM^hyazis of :^«tecn Rajasthan 
UKiiiltty AsUmith l o c a l i t y Asinuth 
4 3C5, 312, 322« 32S» 
331, 336« 340. 
5 319, 325, 325, 369, 
0 27S, 290, 300, 300, 
330, 360. 
e 290, 29S, 29e, 300. 
10 240, 24C, 250. 
11 270. 270. 285, 290, 
300, 300. 
246 10, 10, 330, 330, 
3 ^ , 340, 345, 350. 
Cur 
4 
5 
€ 
e 
10 
11 
!46 
rent 3 
30, 
SS, 
52 , 
S3, 
25, 
48 . 
38, 
6 0 . 
60, 
CO, 
20, 
po^a 
35, 
CO. 
55, 
60, 
20 , 
3@, 
60, 
100< 
20. 
fSjs^utaatxjJ? 
42, 4C, 40, 
61 , 66, 70 . 
ee. 
20, 33, 40, 
47, 52 , 59, 
70, 70, 75 , 
»100. 
25, 30, 31 , 
l o c a l i t y /ysicnyth 
12 
23 
27 
57 
77 
96 
102 
12S 
146 
196 
200 
202 
10, 355, 360 
15, 25 
330 
310, 320, 325, 
215, 220, 225 
272. 275, 275, 
30C, 310 
315, 320 
277, 282, 2CS, 
275, 280, 265, 
320, 350 
344 
336 
280, 288, 295, 
290 
290 
